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PREFACE. 


At the invitation of Professor Meldola, F.R.S., Professor of 
Chemistry at the Finsbury Technical College of the City 
and Guilds of London Institute, I delivered at that College, in 
the winter of 1889, a course of six lectures on the Science of 
Brewing. At the conclusion of the course, those who had 
honoured me by their attendance were so good as to suggest 
to me the desirability of publishing the lectures in book form. 
On a consideration of that suggestion, I thought that such a 
publication might perhaps be of some service; and it was then 
my intention to limit myself to a re-perusal of the manuscript, 
and to its publication as such, after only those alterations had 
been made which seemed necessary from the literary stand¬ 
point On commencing the work, however, I soon came to the 
conclusion that to continue on those lines would be unsatis¬ 
factory: partly because the scope of the work would thus 
be very limited; partly because researches published since 
the date of the lectures threw an entirely new light upon 
several important matters, more especially upon the pro¬ 
ducts of starch-conversion, and upon the changes occurring 
during the germination of the cereals. I therefore determined 
to go over the ground afresh, taking my lectures only as 
a basis for a more complete and general work than I had 
at first contemplated. Such a plan, however, involved more 
leisure than I had at my disposal, and I was obliged to seek 
assistance. I was so fortunate as to secure the co-operation 
of my friend, Dr. G. Harris Morris, who, as the colleague of 
Mr. Horace T. Brown, F.R.S., had been closely associated 
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with those researches which have been referred to as throwing 
fresh light upon phenomena, only partially explicable anterior 
to their publication. In the introductory remarks, the scope 
of this work is briefly sketched. We know it to be very im¬ 
perfect, but we hope that it will not prove entirely useless 
to those for whom it is intended. 

EDWARD RALPH MORITZ. 


72, Chancery Lane, London, W.C. 



INTRODUCTORY. 


Tub object of this work is to provide in a convenient and 
accessible form such knowledge of the processes of brewing 
and the materials employed in that industry, as is at our 
disposal; and—so far as we are able—to connect such 
knowledge with the practice of brewing. We therefore 
intend it as a text-book in which may be found the results of 
scientific research together with the practical conclusions 
which we consider justly deducible from them. We have 
consequently considered it incumbent upon ourselves to 
exercise a discretion as to the researches to be included in 
this work. Apart from those omitted from sheer lack of 
space, we have purposely excluded those which have been 
traversed by subsequent investigations, or those which we 
considered otherwise unreliable. Similarly, we have not 
hesitated to criticise certain hypotheses still current among 
practical men when these hypotheses have appeared to us 
erroneous. In endeavouring to explain practical observations 
by means of scientific investigations, wc have perhaps been 
guilty of audacity, inasmuch as the explanatory hypotheses 
we have ventured to put forward may have to be modified as 
our knowledge extends. But even with this possibility before 
us, we have thought ourselves justified in doing what we have 
done. It has seemed to us that the chief value to the practi¬ 
cal brewer of such a work as this will lie in the conclusions 
deducible from scientific researches; and that, if we refrained 
from drawing such conclusions, he himself would inevitably 
do so. While carefully differentiating between exact scientific 
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investigations on the one hand, and the conclusions pre¬ 
sumably deducible from them on the other, we have thought 
it only right to take upon ourselves the responsibility of in¬ 
terpreting the experimental evidence, rather than place that 
responsibility upon our practical readers. 

We do not pretend that a perusal of our work will enable 
a novice to brew beer; neither will a study of it convert a 
purely practical man into a chemist We do not call this 
work a practical book ; at any rate, it is not “ practical" in 
the sense of giving brewers hints or suggestions as to the 
routine of their operations, or as to the various forms of 
plant in use. Such knowledge is only to be acquired by 
experience in the brewhouse, with the assistance of works 
like that of the late Mr. E. R. Southby, on the ‘Practice 
of Brewing/ to which excellent book we consider this a sort of 
companion. We do, however, intend this as a practical book 
in one sense, in so far that it is meant to lead the brewer to a 
better understanding of what we may term the physiology and 
pathology of brewing, and, by so doing, put at his disposal a 
means for more efficient control over his operations. 

We have divided the book into three sections : materials, 
processes, and analysis. A brief description of what we con¬ 
sider the most reliable methods for the analysis of materials 
and products has appeared to us essential, and for these 
reasons:—In the first place, in treating of materials, we have 
been forced to explain ourselves by a reference to the results 
of analysis; and without giving the modes of obtaining 
them the references would be more or less obscure. We 
have also thought that the methods of analysis, illustrated by 
examples fully worked out, would render the book acceptable 
not only to those brewers who have laboratories and some 
scientific knowledge, but also to chemical students interested 
in technical operations, or such as intend subsequently to 
interest themselves in these operations. We have pre¬ 
supposed in the analytical section a knowledge of manipu- 
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lation, of elementary chemistry, and of ordinary forms of 
apparatus. We considered that these matters formed no 
branch of our subject, and that there existed an abundance 
of text-books adequately dealing with them. We would, how¬ 
ever, ask purely practical readers not to entirely ignore the 
analytical section, for, apart from analytical directions and 
examples, we have unavoidably had to include in that section 
much that is of more general interest Similarly, the first and 
second section are not very closely demarcated; we mean 
that in the first section we have unavoidably had to treat of 
processes, and in the second section of materials. We have 
however, endeavoured to meet that difficulty by a system of 
cross references. 

It will be observed by those whose scientific reading is 
only confined to the trade journals that we have said but little 
with respect to the albuminoids, or nitrogenous constituents of 
malts, worts, &c We are of opinion that the present state 
of our knowledge of these substances is too restricted to' 
permit of practical deductions; and on this and other points 
we have endeavoured to restrain ourselves from putting forth 
explanatory theories or practical deductions unless sound 
experimental evidence can be adduced in support of them. 

We have freely availed ourselves of all books and journals 
dealing with the subjects of which we treat, and we have in 
all cases referred to the original source, not only in common 
fairness to the author, but for the benefit of those who desire 
fuller and more complete knowledge on any special points. 
If we have included work in this book, other than our own, to 
which we give no reference, we have omitted it unwittingly, 
and take this opportunity of expressing our regret for that 
omission. So far as the style is concerned, we are quite aware 
of its roughness and the entire want of literary polish. We 
have not, however, sought to correct that defect Wc have 
endeavoured to be lucid, and trust we have succeeded in that 
limited ambitioa 
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The work being principally intended for practical men, 
temperatures are in all cases given on the Fahrenheit scale. 
In the more scientific chapters, however, the temperatures are 
given in degrees Centigrade as well as Fahrenheit 

We have to thank many friends for samples supplied for 
our own investigations, and for the information which they 
have so freely put before us. We also desire to thank our 
friends Messrs. Matthews and Lott, for the loan of plates 
which have illustrated their valuable work on the "Micro¬ 
scope in the Brewery and Malt House,” which work should 
be consulted on all points specially connected with that 
department of this industry. 


October, 1891. 


E.R.M. 
G. H. M. 
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A TEXT-BOOK 


OP THE 

SCIENCE OF BREWING. 


SECTION I.—MATERIALS. 

CHAPTER /. 

BREWING WATERS. 

CLASSIFICATION OF BREWING WATERS FROM THE MINERAL 
STANDPOINT. 

The requirements of waters for brewing purposes are not 
identical with those for potable purposes. If drinking waters 
are pure, not excessively hard or salty, and free from injurious 
metals or by-products, they satisfy all necessary conditions. 
But in brewing, the dissolved salts are of the very highest 
importance; different ales requiring different salts and vary¬ 
ing proportions of them. Brewing waters must necessarily be 
free from injurious metals and by-products, and they should 
be organically pure. The degree of purity necessary in 
brewing waters is a more intricate question than it is in 
domestic supplies, complicated as it is by the changes effected 
in the organic matter during the various stages of the brewing 
p ro c e s s e s. This branch of the subject will be treated sub¬ 
sequently ; for the moment the mineral matters dissolved in 
waters will be considered. 

The ordinary terms " hard ” and " soft ” are hardly suffici¬ 
ently precise in classifying brewing waters. A hard water— 
that is, strictly speaking, one capable of decomposing relatively 
large amounts of soap—may be hard either through dissolved 
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chalk, or gypsum, or other compounds of magnesium and 
calcium. It is true that hardness, according to this ordinary 
classification, may be either * permanent" or “ temporary,”— 
that is, destroyed, like dissolved chalk, or not destroyed, like 
gypsum, by thorough boiling; still, when a brewer talks of a 
hard water, he implies its containing a sufficiency of many salts 
not contemplated in the term “ hard,” which salts are of distinct 
importance for brewing purposes. The term "soft” water 
would be equally misleading for brewing purposes. The 
ordinary soft water for domestic purposes is one containing 
minute amounts of salts capable of destroying soap. But a 
brewer would certainly call those waters soft which contain 
the sulphates and the carbonates of the alkalies. Yet, these 
bodies frequently accompany a fair proportion of chalk, and 
waters of this kind would be customarily classified as hard in 
the usual phraseology. On these grounds it will be advisable, 
in classifying brewing waters, to go beyond the terms " hard ” 
and " soft,” and to adopt more exact if less terse expressions. 
It will be convenient to divide brewing waters into the 
following three arbitrary classes:— 

I. Waters containing large proportions of gypsum. 

II. Waters containing small proportions of gypsum, or 
no gypsum. 

III. Waters containing no gypsum, but sulphates and 
carbonates of the alkalies. 

Waters answering to these descriptions may be considered 
typical of the great bulk of English brewing supplies. There 
are some, however, of rarer occurrence, which possess certain 
peculiarities, such as, an excess of gypsum, or excess of salt; 
these will be subsequently considered. The following ana¬ 
lyses of waters, mostly performed by one of us, will ex¬ 
emplify the above mentioned three broad classes. The acids 
and bases are first stated as found, then given in combination* 

* In *11 cue* the combined nits are given in the anhydrous form. 
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according to the scheme for combining them, described in 
Section III. of this book, under Water Analysis. 

Class L —This class of waters is not widely extended ; but 
as the Burton well waters are typical of the class, and as so 
much of our best pale ale is brewed in that district, they 
form a very important section. The more so, as the excel¬ 
lence of these waters for pale ale brewing undoubtedly gave 
Burton beer its original great pre-eminence; and since it 
was the recognition of this fact which has led to the artificial 
treatment of less excellent waters up to the Burton standard, 
in order that these might give equally good results for pale 
ales. 

The following is an example :— 

Burton (deep well). 

Graitu per gallon. 


Silica. 0*49 

Alumina . 0*49 

Iron oxide. trace 

Lime.36*33 

Magnesia. 10*15 

Soda. 7*25 

Potash . 0*86 

Chlorine . 2*37 

Sulphuric acid. 52*29 

Nitric arid. 1*25 


These bases and acids would exist in the water probably 
combined as under:— 


Sodium chloride 3*90 

Potassium sulphate. 1*59 

Sodium nitrate. .. .. 1*97 

„ sulphate . 10*21 

Calcium sulphate . 77-87 

„ carbonate. 7*62 

Magnesium carbonate . 31 *31 

Silica and alumina. 0*98 


1*5 45* 


• E. Brown, ‘The Geology and the Mineral Waters of Burton-on-Trent, *p. 23. 
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Class II —Waters containing insufficient proportions of 
lime and magnesia salts, form the bulk of the brewing waters 
of this country. Included in this class are the waters from 
the chalk, which, being pure, and easily treated with the 
minerals which they naturally lack, are much prized as brewing 
waters. Also included in this class are the waters from the 
rock, which contain mere traces of dissolved salts. When 
these waters are pure they are readily capable of treatment 
with the minerals in which they are deficient; but the absence 
of dissolved chalk is a disadvantage which will be referred 
to subsequently. Similar to these rock waters are lake 
water and rain water. Lake water is rarely used, and per¬ 
sonally we know of no case where rain water is employed. 
When pure, however, they could be readily treated and 
would, as brewing waters, rank with rock waters. 

The following arc examples of this class of water:— 

(a) Water from the chalk (deep well), Reigate, Surrey. 

Grains per gallon. 


Silica. 1*10 

Alumina. 0*04 

Lime.17*37 

Magnesia .. .. •• 0*49 

Soda .. 1*72 

Nitric acid . 3*51 

Sulphuric add. 5*14 

Chlorine. 1*99 


These bases and acids would exist in the water probably 
combined as under :— 


Grabs per gallon. 


Sodium chloride . 3*28 

Calcium nitrate. 5*33 

„ sulphate . 8*74 

„ carbonate. 21*34 

Magnesium carbonate •• . 1 *03 

Silica and alumina. 1*14 


40*86 
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( 6 ) Water from rock (shallow well), Merthyr Tydfil. 

Grains per gallon. 

Silica. 0*42 

Alumina. o*6o 

lime. 3*07 

Magnesia. 021 

Soda. 1*32 

Nitric acid. nil 

Sulphuric acid. 2*76 

Chlorine. 0*78 


These bases and acids would exist in the water probably 
combined as under:— 

Grains per gallon. 


Sodium chloride . 1*29 

„ sulphate . 1*46 

Calcium sulphate . 3*30 

„ carbonate. 3*05 

Magnesium carbonate . 0*44 

Silica and alumina. 1 *02 


10*56 


Class III .—The waters containing no salts of lime and 
magnesia other than carbonates, but containing sulphates and 
carbonates of the alkalies, are abundant and extensively 
used. The deep wells below the London clay yield waters of 
this class, and similar waters are found between London and 
Harwich, London and Windsor, and London and Gosport 
They are generally pure, and are excellently adapted in their 
natural state to stout brewing. The success of the London 
firms in this branch of trade, and the monopoly they enjoyed 
in it, is in great part attributable to the natural suitability of 
these waters for black beers. At the same time they are 
unsuitable for ale brewing in their natural state; it is not 
surprising, therefore, before the adequate treatment of this 
class of water was understood, that the London brewers sent 
to Burton for their pale ales, or erected branch establishments 
of their own in that district 

This form of water requires something more than the 
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addition of gypsum and magnesium sulphate. The detri¬ 
mental effects of sodium carbonate and sodium sulphate are so 
marked in ale brewing that it is necessary to decompose these 
alkaline compounds, irrespective of the addition to the water 
of the minerals naturally present in Burton waters. This is 
possible in several ways: either by the addition of calcium 
chloride, which converts the sodium sulphate and carbonate 
respectively into sodium chloride and calcium sulphate and 
carbonate; or by first converting the sodium carbonate into 
sodium sulphate, by means of gypsum, then acting upon the 
so formed sulphate with calcium chloride; or by adding 
sulphurous acid, or even hydrochloric acid, and so directly 
transforming the carbonates into sulphites or chlorides. 

We believe the treatment with calcium chloride gives the 
most satisfactory results. A moderate excess of it is not only 
harmless, but desirable; and this cannot be said in general 
of the addition of hydrochloric or sulphurous acid. Waters 
thus treated with calcium chloride and also with the requisite 
amounts of calcium and magnesium sulphates, form good 
brewing waters for pale ale, although perhaps somewhat in¬ 
ferior to the natural Burton waters, and to waters of the second 
class suitably treated. There is, for instance, some difficulty 
in obtaining the necessary degree of " cleanness ” or delicacy 
of flavour in beers brewed with them. The reason of this is 
not quite clear, but is probably due to the high proportion of 
common salt present in treated waters of this kind. Waters of 
this class naturally contain rather high proportions of salt; 
and the natural quantity is increased by that formed through 
the double decomposition between calcium chloride and the 
sodium sulphate and carbonate. Salt in a moderate quantity 
is a good thing, but it is liable, in our experience, to give full, 
rather than delicate and clean beers. . Taking the example 
which follows, it will be found on calculation that the total 
quantity of salt in the water after treatment with calcium 
chloride is 31 *47 grains; this is a distinctly large amount 
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The following is an example of water of this class:— 


London Water (deep well). 


Silica •• .. 

Alumina .. 
Lime .. 
Magnesia .. 
Soda .. 
Chlorine .. 
Nitric acid .. 
Sulphuric acid 


Grains per gallon. 

. 0*38 

. 0*01 
. 3*01 

t*8a 
. 1688 
. 5*i8 

. o*44 

. 9*38 


These bases and acids would exist in the water probably 
combined as under:— 


Sodium chloride . 8*54 

„ nitrate.*. 0*69 

„ sulphate .16*65 

vt carbonate .. 8*25 

Magnesium carbonate . .. „ 3*82 

Calcium carbonate. „ •• 5*37 

Silica and alumina. 0*39 


43*71 


We must now briefly refer to those types of water which are 


of rarer occurrence, and exhibit distinct peculiarities. 

Sub-class A .—Water containing an excess of gypsum. The 
following water, from a deep well in Leicester, is typical of 


this class:— 

Grains per gallon. 

Silica. 1*55 

Alumina. 0*35 

Lime.45*71 

Magnesia. 14*99 

Soda.15*84 

Chlorine . 4*90 

Nitric acid. 6*67 

Sulphuric add.79*90 


These bases and acids would exist in the water probably 


combined as under:— 

Sodium chloride 
„ nitrate .. .. 

„ sulphate 
Caldum sulphate 
Magnesium sulphate 
„ carbonate 
Silica and al umina 


Grains per gallon. 
8*07 

.. 10*50 
. 17-70 
. 111*01 
. 694 

.. .36-63 
1-90 


183-75 
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Waters of this class are liable to somewhat reduce the 
vigour of the fermentation, and to postpone the cask-fcrmenta- 
tion, or t( condition.” The reason for their doing so has hitherto 
been sought in the precipitation of an excess of the phosphates 
derived from the malt, which in certain rates are necessary 
alike for the vigour of the primary and the secondary fermenta¬ 
tions. To decide whether this idea were correct or not, we 
made certain experiments, which were briefly as under. 

Two malts were taken, and each mashed under precisely the 
same conditions of temperature, concentration, &c., with three 
waters. Water A was distilled water; water B, distilled water 
containing 50 grains of (anhydrous) calcium sulphate per 
gallon; water C, distilled water containing 100 grains of (anhy¬ 
drous) calcium sulphate. The distilled water would represent 
ordinary soft water; the second water, ordinary gypseous 
water; the third, excessively gypseous water. 

The experimental mashes were in each case made by acting 
on 50 grams of malt with 270 cc. of the waters. This rate is 
approximately 5 barrels to the quarter of malt After mash¬ 
ing for 1 hour at 150° F. the mash was made up to 515 c.c. with 
distilled water, the grains Altered off, and the wort boiled down 
in each case to one half its bulk. The phosphoric acid was 
now determined in each wort in the usual manner (precipita¬ 
tion by molybdate solution ; solution of molybdate precipitate 
in ammonia; and precipitation with magnesia solution). The 
results are expressed in grams of P* O 0 (phosphoric anhy¬ 
dride), in 100 c.c. of the boiled wort. The boiled worts were 
of sp. gr. 1053*7 to 1054*6; it will thus be seen that they 
were of average brewing strength. 


Malt I. 

Distilled water. 


too grains C*$0+, 

P t O. grams per 100 cc. wort 

0*129 

0*104 

0*089 

Malt II. 




P.O, grams per 100 cc. wort 

0*114 

0*091 

0*085 








Brewing Waters . 


9 


• Now although there is a perceptible decrease in the 
phosphoric acid on increasing the calcium sulphate, we are 
bound to say that we do not consider that this decrease 
explains the sluggish primary and secondary fermentations. 
In fact the proportions of phosphoric acid in the most 
gypseous of these worts, would suffice for a vigorous fermen¬ 
tation. In saying this, we are guided by a series of phosphoric 
acid determinations made by Salamon and Mathew,* in which 
worts are quoted containing considerably less phosphoric acid 
than the above, and which fermented in a normal manner. We 
are inclined to consider the effect of gypsum as being possibly 
connected with a checking of the diastatic action (see p. 150), 
while perhaps the gypsum when in excess might exercise 
some directly destructive action upon the ferment in a manner 
similar to that exercised by salts of the heavy metals. 

Sub-class B .—Water containing an excess of common salt 
The following analysis of a deep well in Essex, in the neigh¬ 
bourhood of the Thames, is typical of an extreme case. 

Grains per gallon. 


Silica. 0*35 

Alumina. 0*35 

Lime. 19*74 

Magnesia. 11*74 

Soda.87*91 

Nitric add. 3*56 

Sulphuric add. 15 04 

Chlorine .108*50 


These bases and acids would exist in the water probably 
combined as under:— 


Sodium chloride .. .. .. .165*90 

Cakium chloride . .. 12*24 

„ sulphate .25*57 

„ carbonate. 2*14 

„ nitrate. 5*40 

Magnesium carbonate ..24*65 

Silica and alumina. 0*70 


236*60 

• Journal Sodety Chemical Industry, iv. (1885) P* 376 * 
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This water was systematically used in the brewery for 
about a month. The fermentations were, however, so sluggish, 
the racking gravities so high, and the yeast so weakened, that 
at the end of this time it had to be discarded. Waters con¬ 
taining a large amount of salt are always liable to give full 
rather than delicate ales. In this particular case, where the 
amount of salt was excessive, the pale ales entirely lost their 
distinctive flavour, and became, to all intents and purposes, 
full-drinking mild ales. 

It is of some interest to know what the permissible limit 
Of salt is. The quantity of salt in a water, the analysis of 
which follows, taken from a well on the coast of Durham, is 
probably about as high as would be safe. The water has 
been in use for some years, and yields beers much liked in the 
district As would be supposed, they are full; but there is no 
tendency to unduly high racking gravities or yeast weakness, 
as in the previous case mentioned. 

Grains per gallon. 


Silica. 0*15 

Alumina . 0*06 

Lime. 11*77 

Magnesia. .. .. 6*93 

Soda . 27*87 

Chlorine.31*92 

Nitric acid. 0*98 

Sulphuric acid. 6* 10 


These bases and acids would exist in the water probably 
combined as under:— 


Sodium chloride . 52*60 

Calcium nitrate. 1*47 

Calcium sulphate . 10*37 

Calcium carbonate. 12*48 

Magnesium carbouate . 14*55 

Silica and alumina .. 0*21 


91*68 

Most waters contain sonic quantity of iron. As a rule it 
amounts to a mere trace. In some cases, however, the quantity 
may range up to I or 2 grains per gallon. If allowed to enter 
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the wort at this rate, it would be prejudicial. Inky compounds 
would be formed with the hop tannin, and these would affect 
the colour of the beer. It might also somewhat prejudice its 
soundness. The hop tannin is required for the precipitation of 
nitrogenous bodies, and such part of it as would be absorbed 
by the iron would be lost—and lost, probably, to the detri¬ 
ment of the beer. In spite of these theoretical objections to 
iron in a water, the risk is not a practical one; for the iron 
can be readily removed from the water previous to brewing 
operations. When a water contains a fair amount of chalk 
in solution, its precipitation during boiling in the hot liquor 
tank will throw down the iron in an insoluble form; and the 
only precaution then to be observed is that none of the pre¬ 
cipitated sludge shall enter the mash-tun, where, owing to the 
acidity of the wort, the precipitated iron might be redissolved. 
When a water contains no chalk, the iron may be precipi¬ 
tated by boiling with a small quantity of crystallised sodium 
carbonate (soda crystals), preferably at the rate of 5*5 grains 
per grain of iron (reckoned as Fc t 0 3 ), and the slight excess 
of sodium carbonate can then be decomposed by treating 
with a little calcium chloride solution. The rate of this latter 
salt need not be specified, for any slight excess of it would be 
of benefit to the water. 

Tiib Effect of Saline Constituents on the Charac¬ 
ter of Beers, with special reference to the 
Brewing of Pale Bitter Ales. 

Having now considered the classes of water which are in 
general use, it will be well, before describing their treatment in 
detail, to survey the present state of our knowledge concerning 
the influence of the saline constituents in relation to the 
brewing process. It is a somewhat humiliating fact that our ' 
knowledge on this important matter is still pretty well 
limited to the practical teachings of brewhouse experience. 
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We know for instance, that gypsum in fair quantity is essential 
to the production of sound'pale bitter ales, but why this is the 
case is not by any means easy to explain. The older writers 
attributed its beneficial influence to the small quantity of 
albuminoids extracted by gypseous waters from any given 
malt But this idea, like many others, was based on the 
assumption that the less nitrogenous matter in a wort, the 
sounder the beer. That this assumption is nonsense, we shall 
have subsequently occasion to show; but the theory being 
enunciated and believed, it became desirable to fit the facts 
into accordance with it. Hence, gypseous waters yielding 
sounder beers, the gypsum had to be accredited with the pro¬ 
perty of preventing the extraction of the nitrogenous bodies. 
It was, however, shown by Southby* in 1879 that with any 
given malt gypseous and non-gypseous waters extracted 
practically the same amount of nitrogenous mutter. This being 
so, it became necessary to account for the beneficial influence of 
gypsum in some other way. Accordingly, a fresh theory was 
put forward: that although the quantity of nitrogenous matter 
extracted by gypseous and non-gypseous waters might be 
the same, the quality was widely different: gypseous waters 
extracting a sounder and less putrescible type of nitrogenous 
matter than non-gypseous. Having regard to our complete 
ignorance as to what is, or what is not a sound type of nitro¬ 
genous matter, and to our complete incompetence to separate 
one from the other, this theory must be regarded as nothing 
more nor less than mere verbiage. The only attempt to really 
test the difference in type of nitrogenous matter extracted from 
a given malt by water containing different minerals in solu¬ 
tion was made by Briantt Briant used for this purpose 
the method of Ullick, by which the nitrogenous matters ex¬ 
tracted by each water are separated into albuminoids, 
peptones, amides, and unknown nitrogenous bodies. Pcrson- 

* Country Brewer** Gazette, Jan. 22, 1879; and * Practical Brewing,' p. 171, 

f Brewer** Journal, 1887, pp. 25-26. 
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ally, we regard this method as valueless. Any attempt 
at solving the problem which has to depend upon any such a 
method as Ullick’s, cannot be regarded with confidence. In 
no sense is Mr. Briant’s care in carrying out his experiments 
questioned; it is the method which condemns the work in our 
eyes, and we base our condemnation upon a very considerable 
experience of it. 

Leaving the influence of gypsum upon types of nitrogenous 1 
matter extracted, it remains to be seen whether we cannot 
discover some surer and sounder ground upon which to 
explain its admitted beneficial influence. In the article pre¬ 
viously referred to, Southby pointed out that when a given malt 
is mashed with a gypseous water and distilled water under 
the same conditions, the worts yielded will behave very differ¬ 
ently on boiling. The gypseous wort "breaks” well, that 
is, the coagulable albuminoids are thrown out in large curdy 
flocks, and after a short standing, the wort itself becomes bril¬ 
liant ; the distilled water wort throws out its albuminoids, not in 
curdy flocks, but in the form of a fine powder—and even after 
standing, the wort refuses to brighten, owing to the distribution 
throughout it of the precipitate, which in this case is of a light 
and powdery form. The gypseous wort, then, is brilliant, the 
precipitate lying compactly at the bottom of the vessel; the 
distilled water wort is turbid, the precipitate being partly distri¬ 
buted in the liquid, partly resting on the bottom in a powdery 
state. Southby gives these observations in full, but apparently 
connects them only with the probable superior clarifying 
capacity of beers brewed with gypseous waters. We think, 
however, that the difference described in great measure 
explains the superior soundness of beer brewed with these 
gypseous waters, and the matter having appeared to be of 
some importance one of us repeated Southby's experiment 
In so doing we used, besides the gypseous water and the 
distill ed water employed by him (and which would correspond 
to Class L and Class II. of the classification proposed), a third 
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water, one containing sodium carbonate, and which would 
correspond to Class III., the effects of which in pale ale brew¬ 
ing are known to be prejudicial in point of stability. The 
gypseous water contained 44 grains per gallon of anhydrous 
calcium sulphate, the sodium carbonate water 31 grains of 
anhydrous sodium carbonate. The same malt was used 
throughout, and, to ensure uniformity of conditions, the worts 
were made simultaneously and at the same rates After 
mashing, the worts were filtered off from the grains, boiled 
half an hour, allowed to stand ten minutes, and then observed. 
As regards the gypseous water wort and the distilled water 
wort, our observations entirely confirm Southby’s, and we have 
nothing to add to his remarks on them which have been 
quoted above. The sodium carbonate wort, however, shows 
all the faults of the distilled water wort, but to a far more 
marked degree. In fact, on being boiled, it hardly “ breaks ” 
at all; and after boiling and standing, the wort remains 
persistently turbid, far more so than with distilled water. To 
prove that the non-" breaking ” of the sodium carbonate wort 
was not due to the non-extraction of coagulable albuminoids 
from the malt, we mashed the same malt again with the 
gypseous water, and added to the wort just before boiling 
a sufficient quantity of sodium carbonate to decompose the 
gypsum, and yet leave about as much sodium carbonate in 
the wort as was present on the former occasion. The result 
was the same: hence it is not to any non-extraction of 
coagulable albuminoids that the bad “ breaking " was due. 

The following photograph taken by Mr. Norris of the 
Finsbury Technical College, shows the beakers containing 
the three worts after standing for ten minutes, subsequent to 
the boiling for thirty minutes. 

It will be at once observed that the middle wort (gypseous 
water) was perfectly clear; the distilled water wort less so, and 
the coagulated matter of a more powdery description. In the 
sodium carbonate wort the liquid is intensely turbid. 



*5 


Brewing Waters . 

Now the relative brilliancy and turbidity of these worts te 
strikingly in accordance with the respective soundness which 
we know from experience would result from these three 
waters respectively—gypseous beer being sounder than 
those from untreated waters of Class II., and these again 


Fig. I. 



being less unsound than beer made from the alkaline waters 
(untreated) of Class III. This agreement is probably no mere 
coincidence, and we certainly think that there is reason to 
assume some direct connection between the “breaking” of 
the worts and the soundness of the resulting beer, when wc 
consider what this “breaking” of wort means in practical 
operations. 

After the wort has been boiled in the copper, it is run 
together with the hops into the hop-back. The hop-leaves 
form a more or less compact layer through which the wort 
has to pass, and we may regard this layer of hops as a rough 
filter-bed. Now it is clear that the efficacy of the filtration 
process will depend primarily upon the form of the matter 
which it is required to filter off. When separated in large 
curdy flocks, the hops will prevent its passing through. 
When, however, the matter separates in a fine pulverulent 
form, the rough filtration effected by the hops will not 
prevent the passage of this powdery precipitate into the 
coolers and fermenting vessels. The difference between the 
satisfactory “break” as obtained by the use of a gypseous 
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water, and the unsatisfactory “ break " resulting from soft, and 
more especially from alkaline water, will therefore amount to 
this: that with the gypseous water we can completely filter 
off the coagulated albuminoids in the hop-back; with the 
other waters, we allow them to pass through and to become an 
integral part of the worts as they are cooled and fermented. 
It has been shown by Adolph Mayer* that the coagulable 
non-diffusible albuminoids are incapable of nourishing yeast; 
their passage through with the worts cannot therefore be 
regarded as beneficial in point of yeast nourishment There 
is, on the other hand, good reason to suppose that they are not 
only useless for purposes of yeast nourishment but that they 
are distinctly prejudicial to the soundness of the beer. When 
we come to study those bacteria by the development of which 
most of the diseases are caused, wc shall see that certain of 
them have the property of rendering assimilable to themselves 
albuminous matter previously unassimilable. This property, 
which is known as a peptonising property, therefore puts it 
into the power of these organisms to manufacture from these 
coagulable albuminoids, material suited to their development 
and propagation. Taking our system of brewing as it is, the 
entire avoidance of these bacteria is impossible; and our 
endeavour must be to prepare a wort such as will be unsuited 
to their development. In the case however mentioned, where 
through the unsatisfactory “break,” and the consequent 
unsatisfactory removal from the wort of these coagulable 
albuminoids, we are clearly leaving in our worts those bodies 
which may become the food for the disease organisms—those 
very bodies, in fact, which it should be our object to avoid. 

The above considerations have led us to suppose that the 
connection between gypsum in a water and the resulting 
soundness, depends in some measure upon the removal of the 
coagulable albuminoids prior to the cooling stage, where the 
principal infection by bacteria is to be expected; and wc 


* * Gftrungschemie/ chap. viii. 
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venture to think that these views are alike in accordance 
with the experimental facts which have been quoted and with 
practical experience in the brewery. We do not doubt, too, 
that the removal of these bodies will induce greater clarifying 
capacity as suggested by Southby; but the equally important 
question of stability is probably also intimately connected 
with it 

The connection between the removal of coagulable albumi¬ 
noids and the stability and clarifying capacity of beer, which 
we have put forward, has been utilised by Mr. B. W. Valen¬ 
tin, who, within the last few years, has taken out a patent in 
connection with this point Mr. Valentin finds that when the 
wort is treated in the ordinary way, the albuminoids, which 
coagulate at 180° F., are partially redissolvcd during the subse¬ 
quent boiling process in copper. These albuminoids, according 
to the patentee, subsequently deteriorate the beer on storage, 
inducing instability, cloudiness and frettiness; and he therefore 
advises their removal before ebullition, by filtering all wort, 
heated to 180°, over goods, so separating out the coagulable 
albuminoids which would otherwise be redissolved during 
boiling, and which would therefore become a part and parcel 
of the wort as cooled and fermented. It is clear, then, that 
the patentee regards the non-elimination of coagulable albu¬ 
minoids from the wort as prejudicial to the resulting beer; 
and, so far as this goes, his views fit in with those we have 
put forward. 

Through the kindness of Mr.Valentin we have been furnished 
with a sample of the albuminoid coagulated at 180®, and sepa¬ 
rated from the wort. We thought it would be of some interest to 
purify this albuminoid to see whether the saline constituents of 
the water exercised any influence in dissolving different quan¬ 
tities of it during boiling. The effect of sodium carbonate is 
certainly striking; a water containing 32 grains per gallon of 
anhydrous carbonate dissolving, when saturated with it, more 
than ten times as much of it as docs distilled water under the 


C 
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same conditions. The numbers obtained (mean of two con¬ 
cordant experiments) were:— 

Distilled water.o*oio grains per 100 cc. 

Sodium carbonate water .. .. 0*167 „ „ 

We also experimented with a water containing 44 grains 
per gallon of anhydrous calcium sulphate, and with a water 
containing 31 grains of common salt Both the calcium sulphate 
water and the common salt water seem to dissolve rather more 
than distilled water; but the differences are too slight to 
permit of any conclusions. We are inclined to think, therefore, 
that as regards actual quantity redissolved, and putting other 
questions out of account, distilled water redissolves just about 
as much as gypseous and salty waters, but that alkaline 
waters dissolve about sixteen times as much as either. 

That the ordinary saline constituents of water exercise 
some influence upon diastatic conversion in the mash-tun is 
generally admitted. A good deal of work has been done in 
this connection, but the results are contradictory, principally 
through the mashings being conducted by different operators 
under different conditions. Some years ago, one of us 
published some work on this matter, which was strongly 
opposed by Windisch of the Berlin Brewers* Institute. 
It is unnecessary to refer back either to that work or to 
Windisch’s counter experiments. It may be safely stated that 
both sets of experiments were unreliable, and the conclusions 
in both cases fallacious, and this because the methods of 
analysis used by both operators were inaccurate and faulty. 
In the first place, no regard was had to the ready-formed 
sugars in malts, and when these are ignored, the percentages 
of maltose and dextrin must be inaccurate. In the second 
place, the dextrins were determined by the unreliable acid 
conversion process; in the third place, no regard was had to 
the maltodextrins. As will be clearly seen from the figures 
which follow, any experiments on this subject, carried out 
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without reference to the amounts and types of those sub¬ 
stances, arc valueless ; for it is in regard to variations in the 
amounts and types of them that the salts principally show 
their influence. In order, therefore, to determine as accu¬ 
rately as possible the precise influence of dissolved salts on 
the products of diastatic action, the subject has been again 
taken up by one of us, the resulting worts being analysed 
with due regard to the points previously neglected. 

In the first series of experiments, two malts (I. and II.), 
were mashed with (a) distilled water; (b) distilled water 
containing 30 grains per gallon of common salt; and (*) dis¬ 
tilled water containing 37*5 grains per gallon of anhydrous 
calcium chloride. These waters were then used to mash 
each malt under the conditions laid down for the analysis of 
malts (Section III., p. 456), and the worts analysed according 
to the methods there described. But in this series of experi¬ 
ments no regard was had to the maltodextrins. 

The conditions of mashing were throughout precisely the 
same. The results, calculated on 100 parts of malt, were as 
follows:— 



Malt I. 

Malt II. 


Distilled. 

Salt. 

Chloride of 
Calcium. 

Distilled. 

Salt. 

Chloride of 
Calcium. 

Total Maltose 

3358 

33*77 

32*36 

3246 

34*99 

3**65 

Total Dextrin 

•4-38 

13*78 

15*26 

15*26 

> 5 * 3 * 

16*25 

Ready-formed I 
Sugars .. | 

16*19 

l6*09 

l 6 * 8 l 

l 6 * 8 l 

1558 

15*76 


We consider that the above figures prove that the influence 
of the dissolved salts on the total maltose and dextrin yielded 
is practically nil, and the above results arc partly quoted by 
us with the object of showing that without reference to the 
maltodextrins the real influence of the salts remains obscure. 

A further scries of experiments was now made on 

C 2 
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Malt III., which was mashed in precisely the same manner as 
above, with the same waters as above described, and also with 
a fourth water containing 50 grains per gallon of anhydrous 
calcium sulphate (gypsum). The resultant worts were then 
analysed for the maltodextrins contained in them, and the 
results obtained were as under. The method of determining 
these substances was that stated on p. 477, but no correction 
was made for the unfermentable residue since this would 
obviously be constant throughout the series. The results are 
here calculated on 100 parts of dry wort-solids:— 


Malt III. 


— 

Distilled. 

Gypsum. 

Salt. 

Calcium 

Chloride. 

Combined Maltose .. .. 

6*29 

6*80 

525 

9*01 

Combined Dextrin •• •• 

6*88 

9*12 

6-27 

0*35 

Total Maltodextrin >. 

13*7 

15 9* 

11*52 

15-36 


Experiments, both in the first and second series, were made 
with a water containing sodium carbonate (30 grains per 
gallon of the anhydrous salt); but owing to the strongly 
deterrent influence of the salt on diastatic activity, the worts 
contained so much starch, and so much starch was left behind 
in the grains after mashing, that no reliable analysis of the 
worts could be carried out. 

From the above results certain interesting conclusions may 
be drawn. As will be subsequently shown, the maltodextrins 
obtained during mashing are not perceptibly fermentable 
during the primary fermentation, and consequently the more 
of them we have in our worts, the greater will be the palate 
fulness of the racked beer. It will also be shown that upon 
them wc depend for the “ condition, 1 ” or cask fermentation, 
and in great measure for the keeping properties or stability of 
ales ; and within certain limits it may be said that the larger 
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the percentage of the maltodextrins, the more persistent the 
cask fermentation, and the more pronounced the keeping pro* 
perries. But apart from percentage, the type of the malto- 
dextrin plays a very important part, and by type is meant 
the relative proportions of maltose and dextrin in the com¬ 
pound ; and it will be shown later that for any given per¬ 
centage of maltodextrin the higher the type, Le., the more 
dextrin there is in it, the more pronounced will be the stability, 
and the more persistent the condition; while the palate fulness 
imparted by such a type is rather of the dry, delicate kind 
than of the full, sweet kind A lower type, on the other hand, 
as we shall afterwards see, will give a more rapid condition, 
although it is less persistent; the keeping properties will be 
less pronounced, and the palate fulness will be rather of the 
sweet, full kind than of the dry and delicate. These con¬ 
siderations are fully dealt with on pp. 232-239, but a brief 
risumi in this place is necessary for a proper understanding of 
the figures before us. 

It will be clear then that for pale stock ales, in which the 
essential requirements are pronounced stability and clean dry 
flavour, we shall require a more dextrinous maltodextrin 
than for mild running ales, where the essential requirements 
are early condition and sweet fulness. 

On turning now to the figures obtained, it will be observed 
that by the employment of the gypseous water we do obtain 
distinctly more combined dextrin than by any other saline 
compound used. It is not surprising, therefore, that practical 
men find gypseous waters pre-eminently suited to the pro¬ 
duction of pale stock ales. If now we turn to the calcium 
chloride we find the combined maltose much increased, and 
the influence of this salt, therefore, must be of decided benefit 
in the production of sweet mild ales. It is true that the salt is 
sometimes used in pale ale brewing : but the rate employed is 
always small compared to that of the gypsum, and, conse¬ 
quently, its influence would be more than covered by that of 
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the latter substance. We should certainly have expected that 
sodium chloride (salt) would have shown a greater proportion 
of combined maltose, for ales brewed with salty waters certainly 
show the sweet fulness associated with a low type of malto- 
dextrin. We think, however, that the explanation lies in the 
fact that the salt, when exceeding say 50 grains per gallon, 
exercises a direct deterrent influence upon the attenuative 
vigour of the yeast in the primary fermentation; and, conse¬ 
quently, that the beer will rack with a relatively large amount 
of those abnormally low maltodextrins, which under ordinary 
circumstances are fermented out in the fermenting vessel. In 
the analysis of the worts no trace of such substances is dis- 
coverable, since in the laboratory fermentation they will 
inevitably be completely fermented out. This matter is more 
fully explained on p. 385. 

It is clear from the abortive experiments with the car¬ 
bonate of soda that this substance would be unsuited alike for 
pale and mild ales. Putting aside a possible loss of extract, 
the presence in the worts (and therefore beers) of starch, or of 
the very high maltodextrins allied to it, would greatly, if not 
entirely, impede clarification; and it therefore follows that 
this substance is only permissible in the production of stouts 
and porters, in which clarification need not be thought of. 

We consider that our experiments fully bear out Southby's 
general statement as to the effect of saline constituents, viz., 
that the sulphates give delicacy and cleanness, and are there¬ 
fore wanted for pale ales, while the chlorides give the sweet 
fulness requisite in mild ales. 

When we approach the questions of colour, and of the 
flavour of the hop-extract in beers brewed with different types 
of water, there is at any rate complete agreement among 
chemists. Briefly, it may be said that gypseous waters give 
pale beers, and prevent the extraction of the rank, coarse 
flavour of the hop ; sodium carbonate water, on the other hand, 
gives deeply tinted beers, extracting much of the coarse and 
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rank hop flavouring. Soft waters come intermediate between 
these extremes. Sodium sulphate gives a thin, harsh, cold 
flavour, but a pale colour. Common salt and calcium chloride 
also yield pale beers, and the hop flavouring is neither rank nor 
cold. Magnesium salts are not used apart from gypsum, and 
their effects alone are therefore unascertained ; but they seem, 
when in due proportion, to co-operate with gypsum in giving 
the best results for pale ales. It is more than possible that 
the salts exercise other influences upon flavour than those 
dealt with; but since there is no definite knowledge on the 
point, we omit further reference to it 

Having regard, then, to the previous considerations for 
pale bitter ales, we require waters either of the first class, or 
water of the second or third classes so treated as to be made 
similar to them. 

The treatment of waters of Class II. amounts to an 
endeavour to dissolve in them the salts naturally contained 
in the Burton waters. When the added salts are introduced 
in the proportions demanded by the natural deficiencies 
ascertained by analysis, these waters (putting purity out of the 
question) arc as good as the natural waters imitated. As an 
example, the first water of this class would be brought up to 
about the Burton standard, by— 


Gypsum ( p owder e d) .. .. •• 6 o*. per barrel* 

Mqpesfam wlpht te . lot M „ 

Calcium chloride . I oz.(i\i pint saturated solution) per barrel. 


This treatment should apply to the whole of the liquor, 
both mashing and sparging, the treatment preferably taking 
place overnight Southby advises the addition of the gypsum 
and magnesium sulphate in the form of a thin whitewash, 
which can be readily prepared in a tub with some of the water 
previously abstracted for the purpose. The water should 
either be briskly boiling when the mixture is added, or else it 
should be thoroughly agitated. Southby also advises that the 
chloride should, on account of its deliquescing, be 
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added in the form of a saturated solution. The correct strength 
is represented by a specific gravity of i • 38, and Jjjth pint of 
this solution added to 1 barrel of water means the solution 
in the water of about 10 grains per gallon of anhydrous 
chloride. The requisite volume of the calcium chloride 
solution may be added to the whitewash of the other 
minerals. 

In treating waters of Class III., which contain sodium 
carbonate and sodium sulphate, it is necessary to decompose 
these bodies, as well as to add the other minerals in which 
these waters are deficient To do so we add a larger pro¬ 
portion of calcium chloride, using enough to completely 
decompose the sodium sulphate and sodium carbonate, and 
to leave from 5 to 10 grains per gallon in excess of this 
amount The gypsum may be slightly reduced; for some 
of it is formed by the double decomposition of the sodium 
sulphate and calcium chloride. 

Taking the first example of this class of water the addi¬ 
tions should be 


Gypsum (powdered).5 0*. per barrel. 

Magnesium sulphate. lot, „ „ 

Calcium chloride .2 os. pint saturated solution) per barret 


It is unnecessary to say that the above suggestions are 
very general, and that when waters are naturally richer in 
certain salts than those quoted they will require less of these 
added, and vice versd ; again, where a special result is de¬ 
sired, for instance, fulness, a greater quantity of chlorides 
should be used. Such variations must, however, be left to 
the discretion of the brewer. 

The separation of iron has been alluded to. The separation 
of salt is not possible by any practicable means, while in the 
case of an excess of gypsum (Sub-class A) the only satisfac¬ 
tory way of dealing with these waters is to dilute them down 
with suitable proportions of non-gypseous waters. 
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The Requirements of Water for Mild Ale Brewing. 


In this class of trade the requirements are somewhat 
different to those of pale ales previously considered. The 
consumption is far more rapid, and the principal points to aim 
at besides a moderate stability, are fulness, early condition, and 
early clarifying capacity. 

On these grounds high proportions of gypsum are not 
necessary; indeed, inasmuch as the after-fermentation, or 
condition, would be retarded through the high dextrin rate in 
the maltodextrin, they would be undesirable. The fulness, 
however, imparted by the chlorides is most desirable, and 
waters for running ale should always contain from 10-20 grains 
of them. Running ales can be successfully brewed from 
waters of Class II. in their natural condition. They can be 
also successfully brewed from waters of Class III. untreated, 
Le. those containing sodium carbonate and sulphate; but 
better results follow the previous decomposition of these 
alkaline salts* and the addition of chlorides to both classes. 

Taking tire example given for the waters of Class II., 


the additions should 

SETT*"* 


I ok. per barrel. 

H » 


For a water of Class IIL the above, together with Jq pint 
of the saturated solution of calcium chloride, would give 
good results. 

The mineral Kainit contains in itself the substances most 
desirable for mild ale brewing and it is a convenient form in 
which to add them in the desired proportion. The following* 
analysis shows its average composition :— 

Per cent. 

P ot i lium sulphate.23.0 

Magnesium sulphate .. .. .. ..15*6 

M thloride.13*0 

Sodium chloride .34*8 

Water.13*6 


100*0 


• Hake, Journal Society Chemical Industry, U. (1883) p. 47. 
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The Requirements of Waters for Stout and 
Porter Brewing. 

In this class of beers the requirements are very 
different to those previously considered; we want as much 
colour as possible, and as much fulness as possible ; delicacy 
of hop flavour is a minor consideration, and brilliancy need 
not be regarded. Stability should result from the limited 
diastatic conversion resulting from the employment of high 
dried and caramelised malt 

The waters used in the London and Dublin breweries are 
of course those most suitable for the production of black 
beers. The analysis of the water used by the London firms 
for stout brewing has been already stated (Class III.); the 
following is an example of a soft water of this class used for 
stout brewing by the Dublin breweries. 

Grains per 
gallon. j 

Carbonates of lime and magnesia precipitated on 


boiling. ii'O 

Lime not precipitated on boiling. 0*9 

Magnesia not precipitated on boiling .. .. .. 0*9 

Sulphuric add (SO,) . 0*5 

Chlorine .. .. .. .. .. i*a 


—SOUTHBY. 

Probably equally good results would be obtainable from 
either class of water. The addition of sodium carbonate 
to waters of Class II., to bring them up to the London stan¬ 
dard, is in our experience unnecessary. Although sodium 
carbonate and sodium sulphate are perhaps of service in black 
beer brewing, their addition does not improve a water which 
is sufficiently free from gypsum, &c. 

When a water of Class II. contains calcium carbonate, the 
water should be well boiled before mashing, so as to precipitate 
the greater part of it, and beyond this no treatment is necessary. 
Similarly, when the water belongs to Class III. no treatment 
other than boiling is required. In the case of waters of Class I., 
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and still more so of Sub-class A, stouts such as are ordinarily 
demanded, cannot be successfully brewed until the gypsum 
and magnesium sulphate are decomposed by the addition of 
sodium or potassium carbonate. In such cases sufficient 
alkaline carbonate should be added to destroy the calcium 
and magnesium sulphates, leaving only a slight excess over; 
every grain of gypsum (anhydrous) requiring 2*io grains of 
crystallised sodium carbonate or 1*28 grains of crystallised 
potassium carbonate; and every grain of magnesium sulphate 
(anhydrous) requiring 2*38 grains of the sodium, or 1*45 
grains of the potassium carbonate. The carbonate should be 
added in the form of a concentrated solution to the water, 
which should then be well boiled for 45 minutes. 

Before leaving the question of the effects of the saline con¬ 
stituents of a water in brewing, we must lay stress on this: that 
although of very high value—and this specially applies to 
gypsum in pale ales—yet successful brewing depends upon 
factors more important than the right quality and proportions 
of mineral constituents. The excellence of Burton ales, and 
London and Dublin stouts is by no means entirely due to the 
natural suitability of the waters found in these districts for 
the classes of beer for which they are respectively famous; 
and no brewer should form the idea that the mere addition of 
gypsum to his water entitles him to expect perfect pale ales. 
The mineral constitution of a water is one (but only one) of 
the very many important points, all of which must be 
properly carried out to ensure success. 

It is perhaps unnecessary to say that analysis does not 
determine the salts as they exist in water; all that it is pos¬ 
sible for chemists to do is to determine the quantities of the 
bases and acids. We think there can be little question that for 
practical purposes, these bases and acids after statement as 
such, should be stated in combination in the manner which our 
experience of their usual affinities leads us to regard as most 
probably correct It is true that these combinations are not 
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indisputable : yet having regard to the fact that the treatment 
of a water must necessarily be based upon the amounts of 
compounds presumably present, and not upon the amounts of 
separate bases and acids actually so, and to the fact that 
there are certain broad lines of admitted correctness upon 
which the combinations can be based; we consider that the 
analyst does not go beyond his province in stating the forms 
of combination in which the acids and bases probably exist 
This statement of combination should however, be preceded 
by a statement of the acids and bases as they are actually 
found. 

The lines recommended for the combination of the acids 
and bases will be found in the third section of this book, 
and they follow the methods for the analysis of water. In the 
analyses quoted for the exemplification of the various classes 
of water, the combinations are given in the anhydrous form. 
To work out and insert the water of crystallisation of each 
salt, enormously complicates the calculations, and serves no 
useful purpose. 

Brewing Waters considered in regard to their 
Organic Purity or Impurity. 

In considering the effects of organic impurity in brewing 
waters, the enquiry resolves itself into two quite distinct and 
separate questions; firstly, as to the effect of the micro* 
organisms; secondly, as to the effect of unorganised organic 
matter. 


(a) Micro-organisms in Brewing Waters. 

In regard to the effects of the micro-organisms in brewing 
waters, much will obviously depend upon whether these orga¬ 
nisms survive the brewing processes and pass into the beer; or 
whether, on the other hand, they succumb to the conditions 
of the brewing processes. If they survive, their presence is 
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directly dangerous; if they succumb they can at most be 
but indirectly responsible for damage to the beer. 

In a later chapter (p. 256) we shall treat fully of the de¬ 
struction of all organisms during the boiling of the wort in 
the copper, and when doing so shall quote the experiments 
of one of us • on this subject, which show beyond the shadow of 
a doubt that the conditions under which brewers* worts are 
boiled are such as to entirely annihilate any organisms which 
may exist in them prior to the boiling process. These 
researches deal rather with the destruction of the organisms 
adherent to the surface of the malt than with those possibly 
introduced with the water. But since the water-borne 
organisms are less resistant to adverse conditions than the 
dry organisms adherent to the malt, and since the latter arc 
indubitably killed during the boiling in copper, it will follow 
that the water-borne organisms are similarly, and in fact the 
more easily, annihilated during that process. Previous to the 
publication of the experiments in question, it was customary for 
chemists to regard water-borne organisms as surviving the 
boiling process, and subsequently developing in the beer, to 
its detriment This view arose probably from the admitted 
instability of beers brewed with a water containing any 
decided excess of organisms. We have no wish in any way 
to gainsay the evil effects of such a water, but the reasons for 
these ill-effects we now know to bo quite other than the 
survival of the contained organisms. 

It is clear that if a water contains a large number of 
organisms, such organisms must find in the water substances 
capable of nourishing them; and if we brew with such a 
water, the wort as it runs from the mash-tun will contain these 
substances. During the boiling of the wort, the organisms 
are killed; but the wort, as it runs from the copper at the 
conclusion of boiling, will still contain the nutrient substances. 
The process in the practice of brewing which follows the 
• G. H. Morris, Transactions Laboratory Club, iii. (1890) p. 24. 
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boiling process is the cooling of the wort, which is effected by 
exposing the wort to the atmosphere on the coolers, and again 
exposing it as it passes over the refrigerators. The atmo¬ 
sphere contains in abundance the organisms which, under 
conditions favourable to their propagation, will produce the 
diseases of beer; consequently, under practical conditions of 
brewing, we must of necessity infect our worts, at a stage 
subsequent to the boiling stage, with disease-organisms. If 
the worts thus infected contain the substances upon which 
they can readily propagate, such worts will be the more liable 
to yield unstable beers. Now since a water containing these 
organisms must necessarily impart these nutrient substances 
to the wort, it will follow that such a wort will contain the 
matters upon which organisms infecting the brewings subse¬ 
quent to the boiling process can develop; and their develop¬ 
ment must tend to the deterioration of the beer. In employing 
polluted water containing organisms, it is not the organisms 
themselves, therefore, which constitute the real danger; it is 
the substances which accompany them which are dangerous; 
substances upon which they developed in the water, and upon 
which air-borne organisms will develop at a later stage. 

The assertion of the sterilization of wort in the copper, 
until finally substantiated by the experiments of Morris above 
referred to (and which will be given later), was, when first put 
forward on purely logical grounds, vigorously opposed. The 
opponents to that view based their contentions upon experi¬ 
ments by Tyndall, Prazmowski, and von Huth; but these 
experiments, when critically examined, in no way really 
weaken the arguments in favour of sterilisation. It is true that 
Tyndall• conclusively proved that the dry spores of the hay 
bacillus survived continuous boiling for some time. But this 
we consider no relevant argument, since boiling in water (as in 
Tyndall’s experiments) and boiling in the presence of acid 
and hop-extract (as in a brewer's copper), are two entirely 

• Tyndall, * Floating Matters of the Air/ pp. m$ et seq. 
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different things; and although the spores referred to can admit¬ 
tedly resist the one, they cannot resist the other. Prazmowski’s 
experiments on the resisting power of Bacillus subtitis are 
also relied upon. We find, however, that Grove * states that 
the spores of the organism are destroyed by boiling in water 
for two hours, while Prazmowski f himself asserts that they 
arc similarly killed in five minutes. Assuming even that the 
longer period be really necessary for their destruction, it is 
dear that they must inevitably succumb during an ordinary 
copper boiling; for boiling for ten hours in water is far less 
adverse to the retention of vitality by these organisms 
than boiling for ten minutes in a slightly acid and hopped 
wort Von Huth claims to have traced Sarcina in a beer to 
the water used in its preparation. At first sight this might 
seem to indicate their survival during boiling. It has, how¬ 
ever, been recently shown by Lindner,| who has subjected 
this organism to the closest investigation, that it forms no 
resting spores, and that in all circumstances it is killed by 
right minutes’ cx|x>surc to water at 140° l'\ It follows, there¬ 
fore, that the Sarcina found by von Huth in the beer could 
not have been due to the water; or, if due to that source, the 
water must have gained accidental access to the wort or beer 
after the boiling process. 

There is nothing, therefore, in these statements to weaken 
the experiments in question, and we may therefore take it 
as a well-substantiated fact that all organisms are annihilated 
during copper boiling, and that the danger of a water contain¬ 
ing these organisms lies in their being accompanied by sub¬ 
stances which will promote the development of the air-borne 
organisms which infect the worts alter boiling is completed, 
and principally during cooling and refrigeration. 

But there is a further point to take into account The 

• Ciore, 1 Bacteria and Yeast Fungi,’ p. sS. 
f Klein* * Micro-organisms and Disease,’ p. 73. 

| p. Lin dner, * Report of the Berlin Brewers* Institnte,' 1888, p. 35. 
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organisms killed in the boiling process, will themselves yield 
to the wort matters capable of nourishing organisms subse¬ 
quently introduced; and there is every reason to suppose 
that these matters will be peculiarly assimilable by them, and 
therefore, peculiarly adapted to promote their development 
Every living creature is most effectively nourished on such 
matters as compose the body of itself and of its fellow- 
creatures. Obvious reasons prevent our feeding on our fellow- 
men, yet there is every reason to suppose that a cannibal diet 
would be peculiarly nutrient. If, however, we refrain from 
cannibalism, we choose, when requiring particularly assimil¬ 
able sustenance, such foods as are nearest in chemical 
composition to the flesh of our own bodies; the raw beef 
selected by athletes in training is sufficiently significant 
Going lower in the scale, we know that yeast is, in respect 
of nourishment, best fed upon “ yeast-water/' that is, the 
substance which yeast yields to boiling water. Recent 
research has indeed shown, for instance, that a certain carbo¬ 
hydrate, 0 galactose, is unfermentable by yeast unless that 
yeast is fed with yeast-water. There is, therefore, good 
reason to assume that bacteria killed during boiling will yield 
to the wort substances peculiarly suited to the development 
of bacteria subsequently introduced, and'capable of nourishing, 
at the very least, an equal number of them. 

The exact position of micro-organisms in a water then 
is, firstly, as indicating the presence of highly putrescible 
substances which are dangerous to the stability of the beer, 
and in contributing—if, perhaps, slightly, yet distinctly—to the 
amount of these substances when destroyed. They therefore 
deserve to be ranked, from the first standpoint, as indicators 
of dangerous impurity; while, from the second standpoint, 
they exist as potential putrescible matter. 

The position now assigned to micro-organisms in a 
brewer's supply puts the so-called bacteriological analysis of 
• Brewing Trade Review, 1889, p. 263 (attract). 
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waters on a different footing to that attached to it by some 
chemists. Assuming that the organisms in a water survive 
the boiling in copper, it is clearly of importance to estimate 
the number of these water-borne bacteria, and ascertain their 
species; and, in that case, no chemical analysis unsup¬ 
plemented by a bacteriological examination could be regarded 
as sufficient for the proper formation of an opinion concerning 
its suitability as a supply for brewers’ purposes. But having 
regard to the ascertained destruction of the bacteria during 
subsequent operations the bacteriological examination may 
be ignored. In any case these bacteriological examinations 
cannot be regarded as very precise or reliable. Experience 
as to the precise connection between the number of bacteria 
and their effects is wanting; while the nourishing medium 
selected by the analyst for their artificial growth plays an 
important part in showing up either large or small numbers 
of them. These bacteriological examinations, too, are a little 
sensational. It is so striking to be informed that a water 
contains so and so many bacteria in such and such a bulk, 
that the practical man is apt to regard this apparently precise 
(but really far from reliable) information with more confidence 
than it deserves, and with more confidence than he regards the 
more sober and less taking results of ordinary organic analysis. 
This being so, it is not unfortunate that, recent researches 
having proved the destruction of water-borne bacteria, all need 
for these bacteriological examinations is removed. It is 
true that bacteria indicate impurity, and become impurity, 
but on these grounds they do not require to be numbered. 
The chemical analysis of the water, and its microscopical 
examination, will tell us, for all practical purposes, what we 
wish to know. * 

It has been suggested that bacteriological analysis is of 
use for all water employed for cleansing purposes, in so far as 
although the brewing water will be robbed of its bacteria 
during boiling, that used in cleansing the plant will not be 
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subjected to the same process. We are not inclined, how¬ 
ever, to attach very much weight to this suggestion. The 
vessels to be cleansed are freely exposed to the air, which is 
so rich in organisms that any few introduced with ordinary 
water can assuredly be of only small moment Of course, 
where the water is swarming with bacteria, the matter 
stands differently; but even here, the chemical and micro¬ 
scopical examination will yield all the information required 

There is one purpose, however, to which water is some¬ 
times put in a brewery, where the bacteriological analysis will 
serve a distinct purpose. Water used for mixing with wort 
subsequent to the boiling stage is here referred to. This prac¬ 
tice is, however, uncommon, and it is by no means a commend¬ 
able one. On the Continent, and in a few English breweries, 
it is customary to wash the yeast with water. Water used for 
this purpose comes under the same consideration as that 
employed for admixture with wort after boiling. 

The present will be a convenient opportunity for briefly 
referring to the microscopical examination of water sediments. 
The sediment collected and examined as suggested in the 
analytical section (Chap. IX. p. 424), is capable of serving a 
distinct purpose; for, from the nature of the organisms and 
their relative amount, we gain information supplementary to 
that yielded by the chemical analysis, as to the intensity and 
nature of the organic contamination, if any be present; and 
we are thus able to surmise to what extent bacteria introduced 
subsequent to the boiling process will be nourished on such 
organic matter. 

Comparatively few waters are entirely free from suspended 
particles; and comparatively few sediments are quite free 
from some forms of organised matter. Even in pure waters 
we find some form of vegetable matter, which, in the process 
of decaying, discharges the cell-sap, endochrome, &c., which 
after a time loses its distinctive green colour, becoming 
yellow to brownish in tinge. The decaying vegetable matter 



Brewing Waters. 


35 


is frequently surrounded by the lower forms of vegetable 
life, the existence of which is supported by the original 
decaying vegetable matter. When the amount of 
decaying vegetable matter is excessive, the infusoria make 
their appearance. Infusoria are also found largely in waters 
polluted by sewage, in which case they are accompanied by 
swarms of bacteria. It is to the bacteria, therefore, that in 
microscopic examinations we look for guidance as to whether 
or no a water is polluted with organic matter of animal origin. 
The ordinary bacterium of putrefaction ( 27 . termo) is the form 
most common in waters of this class, though others, such as 
Spirillum, Spirochceta, &c., are occasionally found. 

Swarms of bacteria accompanied by infusoria generally 
point to sewage contamination, and the deduction thus drawn 
will as a rule be abundantly confirmed by the results of 
the chemical analysis. In judging waters from new wells, 
which are generally very turbid when first used, a certain 
allowance must be made. Bacteria are usually then present, 
even in the case of waters which subsequently become free 
from them on continued use. 

The bacteria in waters are generally found in the zooglceic 
stage, imbedded in a gelatinous mass of their own preparation. 
Desmids, confervoids, diatoms, &c., are frequently found, 
more especially in waters from rivers, lakes, and ponds. 
They may also indicate unclean water-tanks, pipes, and 
pumps. 

Hard waters frequently throw out on standing a portion 
of the lime and magnesia salts they contain, and the sediments 
of some waters present a beautifully crystalline appearance. 
Minute particles of amorphous mineral matter, as well as 
of unorganised organic matter are frequently found in water 
sediments. As they possess a tremulous movement (the 
Brownian movement) they are likely to be mistaken for 
bacteria or other low types of organised matter. The direc¬ 
tions given in the analytical section for discriminating between 
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them and the organised matter should therefore be rigidly 
followed. 

Plate I. will sufficiently explain the types of organised 
matter most frequently found in water deposits. It has been 
drawn from the plates in Parke's ‘ Hygiene,' and represents 
organisms found in well-water, and in river-water. 

(b.) Unorganised Organic Matter in Brewing Waters. 

The effect of unorganised organic matter in brewing waters 
has been already implied. The substances of which it is 
composed (mostly nitrogenous) are such as tend to nourish 
bacteria introduced subsequent to the boiling stage, and 
which, thus nourished, may proceed to deteriorate the yeast 
and beer. In other words, a water containing them in excess 
will, by their becoming an integral part of the resulting 
wort, tend to lower the resisting power of that wort 
At the same time, but few waters are absolutely free 
from them, and it becomes necessary to see what amounts 
of them are permissible, and what amounts constitute a 
dangerous excess. We must therefore turn to the chemical 
tests, on which we rely alike for their detection and their 
approximate measurement 

The three principal tests are:— 

1. The determination of carbon and nitrogen (Frankland’s 
process). 

2. The determination of the albuminoid and free am¬ 
monia (Wanklyn’s process). 

3. The determination of oxygen absorbed from perman¬ 
ganate of potash (Forschammer’s process). 

The four subsidiary tests are:— 

(i.) The determination of the fermentative powers of the 
water on solutions of cane sugar (Heisch's process). 

(ii.) The determination of nitrous and nitric acids. 

(iii.) The determination of chlorine. 
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(iv.) The determination of phosphates. 

(v.) The behaviour of the solid residue of a water on 
ignition. 

1. All these tests are necessary for the satisfactory analysis 
of a brewing water, except perhaps the first main test (deter* 
mination of carbon and nitrogen), which may be regarded as 
optional. It is expensive and cumbrous, and although, for 
hygienic purposes unquestionably the most accurate and 
conclusive, it is in no sense superior (if not actually inferior) 
for brewers* purposes to the second main test (Wanklyn’s 
process). Brewers do not require to know so much the 
quantity of the organic matter as its quality, Le. its relative 
putrescibility or assimilability by bacteria. In our opinion, 
Wanklyn’s process gives us more information on this point 
than Frankland’s. On this ground the Frankland process 
has not been described in the third section of this work, 
though all the other tests (principal and subsidiary) are 
given in sufficient detail. Those interested, however^ lir 
the matter, will find full particulars of the Frankland process, 
with the interpretations to be put upon results, in the work 
published by its distinguished originator.* 

2. The interpretations put upon the results of the Wanldyn 
process are based upon the quantities (absolute and relative) 
of the free and albuminoid ammonia. When, for instance, the 
free ammonia is high and the albuminoid ammonia also so, we 
conclude we have much organic matter, and of a putrescible 
character. The quantity of free ammonia roughly measures 
the activity of bacteria in much the same way as the quantity 
of alcohol produced by a yeast will measure that yeast’s activity. 
The high albuminoid ammonia indicates a considerable 
amount of matter left over for the bacteria, subsequently intro¬ 
duced, to feed upoa Waters of this class are to be condemned. 
When, however, the high albuminoid ammonia is unaccom¬ 
panied by high free ammonia, we have evidence that although 

• E. Frankland, • Water Analysis/ Van Voorst, 188a 
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contaminated with organic matter, the organic matter is such 
as is not readily putrescible. On this ground it is the less 
prejudicial, and within certain limits waters of this class may 
be passed. Waters contaminated with matter of vegetable 
origin come under this head ; waters defiled by sewage come 
into the class previously mentioned In the ordinary way 
O' 10 parts per million of free or of albuminoid ammonia is 
the outside limit permissible. But in this and in all other 
constructions placed upon determinations of organic matter, no 
very hard or fast lines can be drawn. For instance, the waters 
of Class III. must be considered distinct exceptions to the 
limit laid down for the free ammonia. These waters are as a 
rule pure and yet contain large amounts of free ammonia (from 
O' 88 to 1 *90 parts per million). It is true, however, that their 
purity is indicated by the low albuminoid ammonia (0*02 to 
o'06 parts per million). The high free ammonia in this type 
of water is due to a destruction of albuminoid matter (and 
-perhaps to a reduction of nitrates) incident to the percolation 
of the water through sandy and chalky strata. 

It should be added, perhaps, that free ammonia has but 
little direct action in brewing; it may slightly stimulate 
the yeast, but if so, only to a small extent Albuminoid 
ammonia is an expression. It means the quantity of ammonia 
evolved on treating the albuminoid matter with boiling alkaline 
permanganate, the amount evolved being a more or less con¬ 
stant fraction of the contained albuminoid impurity. This 
ammonia simply measures the albumin; it does not exist as 
such in the water. 

3. The estimation of the oxygen necessary for the complete 
oxidation of the organic matter in a given amount of water, 
and in a given amount of time, is admittedly a rough test; it 
is so simple, however, that it should always be performed, 
especially as it will show up contamination with fresh urine, 
which escapes detection by the ammonia test It is interfered 
with by ferrous salts and nitrites ; but a correction may be 
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made by making a double determination; one at the end of 
25 minutes, the other at the end of 4 hours. The first will 
give the oxygen absorbed by ferrous salts and nitrites (which 
are acted on in this time, while organic matter is not so to any 
appreciable extent), and the second the oxygen absorbed by 
die organic matter as well as by the ferrous salts and nitrites. 
The difference between them gives the oxygen absorbed by 
the organic matter. This amount should not as a rule exceed 
o a 10 parts of oxygen absorbed by 100,000 parts of water. 

(i.) The determination of the fermentative power of a 
water on sugar solutions is more useful than most chemists 
seem inclined to admit To regard the fermentative action 
as a direct indication of sewage contamination is of course 
absurd; the manipulation of the test as ordinarily performed, 
is not such as to preclude the possibility of fermentation due 
to contamination by air-borne bacteria; again, the assistance 
to the fermentative change given by phosphates is so marked 
that 23 pointed out by Frankland,the test may be considered 
rather as an indication of phosphates in a water than of 
sewage defilement Yet the sugar test is one capable of 
yielding very useful information ; and such information as it 
yields is of special use in the case of waters required for 
brewing purposes. If a water shows a marked fermentative 
action, we get evidence that it contains bodies (whether 
phosphates only, or phosphates and putrescible organic 
matter) which will tend to nourish the bacteria introduced 
after the boiling stage; and on this ground it is well worth 
performing. 

We consider it useful to supplement the ordinary test, 
as originally proposed by Heisch, by taking the fermentative 
action of the water after boiling as well as before boiling. For 
it is always possible to boil a brewing water before mashing, and 
it is desirable to see whether the nutrient matters are altered 
during boiling. The fermentative action of a water is nearly 
always very considerably less after than before boiling, and 
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this is probably in great part ascribable to the deposition of the 
nutrient matters together with the calcium carbonate generally 
separated by boiling. Most waters in this country contain 
some dissolved carbonate of lime, and this constituent is 
therefore desirable; since, in depositing when the water is 
boiled, it brings with it much of the contained organic 
matter. In those few waters which contain no chalk, boiling 
does not seem to appreciably lessen the fermentative capacity 
of the water. 

The activity of the fermentative change is reckoned by 
the time which elapses before the solutions commence to 
decompose. The period of observation should extend to 
72 hours. Much stress need not be laid on a fermentative 
change before boiling, if up to the end of 72 days no such 
change is observable in the boiled sample. When, however, 
the boiled sample shows signs of decomposition within 72 
hours, the water should be regarded with suspicioa Iron 
seems to exercise a deterrent influence on the fermentative 
change; and many impure waters containing it do not show 
the fermentative change otherwise anticipated. Other sub¬ 
stances, however, as pointed out by Lott,* seem inoperative. 

(ii.) The determination of nitric and nitrous acids is an 
important one, for we seldom find waters polluted which do 
not contain considerable amounts of them. They are formed 
from the decomposition of the organic matter in waters, or 
from the free ammonia which is nitrified by specific organisms, 
upon which Warington has done excellent work.f For 
brewers' purposes we have to consider them from two stand¬ 
points : as indices to pollution and as saline constituents when 
combined with the bases. From the first standpoint, no hard 
or fast rules are possible. Although we seldom find a decidedly 
polluted water without a very large proportion of nitrates or 

• Journal Society Chemical Industry, Yi. 1887, p. 495. 

t Warington, Journal Chemical Society, 1878, p. 44; 1879, p. 429; 1884, 
p. 637 ; 1885, p. 758 5 1887, p. 118 ; 1888, p. 727. 
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nitrites (unless perhaps the defilement is quite recent), yet 
many unquestionably pure waters (especially the pure chalk 
and gypseous waters) contain them in almost equal abundance. 
It is therefore perhaps wise to regard them as undesirable, 
unless the water is proved to be unquestionably pure by other 
tests; and to only consider them as constituting some special 
danger when the water is proved to be of only moderate purity 
or of decided impurity. A great deal of prejudice exists 
against nitrates and nitrites as such, regarded as saline consti¬ 
tuents, and apart from their bearing on organic purity. Southby, 
for instance, condemns a water simply on the ground of it con¬ 
taining over 5 grains per gallon of combined nitrates and 
nitrites. This rather sweeping condemnation is not, we think, 
warranted by facts. Pure waters (and they are hard waters) 
are known to us containing up to 10 grains per gallon of nitric 
and nitrous acids which yield excellent results, and our 
experience is that when a water is pure, and especially when it 
is naturally hard, a large amount of nitrates and nitrites for all 
practical purposes is harmless. When, however, it is impure 
(and especially when the water is soft), they do constitute 
a special danger, possibly as affording food upon which 
bacteria can subsequently develop. The influence of the 
•aline constituents in regard to harmfulness or the reverse 
of nitrated waters, is not altogether plain. Warington * has 
found that nitrification proceeds more rapidly in the 
presence of chalk and gypsum than in their absence. It may 
therefore be that a given amount of nitric and nitrous acid in 
the presence of these mineral substances may mean organic 
matter completely oxidised, while, in their absence, this destruc¬ 
tion by oxidation would be only partial Digestion of the 
water with a sulphite, or sulphurous acid, has been frequently 
recommended in the brewing journals for the removal of 
nitrates and nitrites. In the dilute state in which the nitrates 
and nitrites exist, and in which the sulphite would operate, 

* Joarnal Chemical Society, 1885, p. 7$8. 
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no such destruction occurs. There is, in fact, no practicable 
method by which nitrates and nitrites in a brewing water can 
be removed. 

(iil) The determination of chlorine has some bearing upon 
the organic matter. Sewage contains sodium chloride^ and con¬ 
tamination with it must raise the amount of chlorine. When 
a water contains more chlorine than undefiled supplies from 
the same formation in the district, suspicion is cast upon the 
supply. 

(iv.) The position of phosphates is pretty much the same as 
that of nitrates. The matters constituting the more dangerous 
forms of contamination contain phosphorus; its presence in 
any amount therefore raises suspicion ; again, the phosphates 
would certainly assist the development of micro-organisms. 
However, many waters admirably suited for brewing contain 
an appreciable amount of phosphates, and it is probably safest 
to attach little importance to them when the water is proved 
pure by other tests, but to attach considerable importance to 
them when it is found impure. 

(v.) To the practised eye the behaviour of the solid 
matters, when ignited, is suggestive. Roughly speaking, the 
more intense and persistent the blackening, the more probable 
is it that the pollution is considerable, and of animal origin. 
The fumes evolved during ignition give by their odour some 
idea of the intensity and nature of pollution. The blackening 
of the solids during ignition, and the fumes evolved, are, how¬ 
ever, interfered with by nitrates and nitrites, when these are 
present in any quantity; for the nitrates and nitrites will, if 
present in sufficient amounts, oxidise the organic matter, 
preventing the blackening and the evolution of organic 
fumes, they themselves being decomposed and expelled as 
red fumes. 
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Tiie Purification of Impure Brewing Waters. 

When a water is only slightly contaminated, boiling 
for about an hour before mashing does all that is neces¬ 
sary. This boiling is especially efficacious when the water 
contains dissolved chalk (calcium carbonate). For, as the 
chalk is precipitated, and subsides, it takes down with it 
the greater part of the organic matter, and the greater part 
of the micro-organisms. 

When a water is more impure, it should be boiled and 
treated with some antiseptic. In the case of chalky waters, 
bisulphite of lime is undesirable, for this will redissolve a 
portion of the precipitated chalk, and so disturb the compact 
mass formed by the subsidence of the chalk and the organic 
matter. Some soluble salt of sulphurous acid may be added 
when the water is boiling, preferably a solution of potassium 
sulphite. In the case of non-chalky waters bisulphite of 
lime is the best preservative It is best added after the 
water has boiled, and when it has cooled to about i8o°; the 
valuable sulphurous add is thus in great part retained. 

In the many cases where a sufficient degree of purifica¬ 
tion results from the subsidence of the chalk and organic 
matter, there are one or two simple precautions which require 
observance. As long a period as possible should be given 
after the boiling of the water, and before its use, in order that 
the chalk, &c., may settle down into as compact a mass 
as possible. It should therefore be treated overnight 
It is necessary, too, to have a good space between the 
outlet pipe and the bottom of the vessel, otherwise the 
deposited matter may be sucked down into the mash-tun 
when the supply is being drawn upon for mashing purposes. 
Indeed, an intermediate vessel is desirable, into which the 
water may be slowly and carefully run after the subsidence of 
the precipitate, and from which the requisite mashing liquor 
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may be drawn. When the mashing liquor is drawn direct from 
the vessel covered with deposit, there is some risk of the lighter 
and less compact particles on the top of the deposit being 
sucked down into the mash-tun, owing to the rapid rate at 
which the mashing liquor is required, and to the inevitable 
agitation of the contents of the liquor back. 

Filtration for brewers* purposes we regard as only really 
useful when a water is very distinctly polluted; in this case 
the water may be rendered moderately pure. Wc know of 
no instance, however, in which a water has become perfectly 
purified by filtration, even when the original amount of 
impurity was not very large. We are talking, of course, of 
the usual filters used in this country. Pasteur-Chamberland 
filters should give perfectly sterile waters, but their practical 
utility has yet to be proved. The filters the action of which 
is known are, animal charcoal, silico-carbon, and spongy iron 
ones. These filters are of use in transforming a water so 
impure as to be unusable into a moderately pure one; but 
they will not completely purify either moderately impure 
water, or very impure water. Having regard to this fact, and 
to the danger that always exists of not renewing the filtering 
media with the frequency demanded by the impurity of the 
water, brewers should, as a rule, be chary of resorting to 
filters. 

That the filtering media must be periodically changed is 
now recognised as urgently necessary, but there is one other 
necessary precaution which is not so well known; i. e., the 
necessity for using filtered water at once, or raising it at once 
to a temperature prejudicial to the development of bacteria. 
It has been shown that no filter such as is ordinarily used 
completely sterilises the water; and in face of the equally 
incomplete removal of organic matter, and of the mineral 
substances favouring bacterial development, it is clear that if 
we allow the filtered water to lie about at ordinary tempera¬ 
tures, the remaining organisms will rapidly develop. At the 
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rate at which they are able to propagate they would thus 
soon equal, if not exceed, those originally present in the 
water prior to filtration. We consider that it is better to have 
the unorganised matter present as such, than existing as the 
plasma of organisms. In the latter state it will, in our 
opinion, have been rendered more readily assimilable to the 
organisms to be subsequently introduced during cooling and 
refrigeration. 

The reduction of micro-organisms by the filtration of con¬ 
taminated waters through various filtering media has been 
exhaustively studied by P. F. Frankland, Salamon and 
Mathew, Bischof, and others; but it is only recently that 
attention has been drawn to the reduction in the dissolved 
matter which results on passing waters through certain forms 
of filters.* Snyders gives, among others, the following ex¬ 
perimental results:— 


— 

Solid 
Residne 
at 930 F. 

Potassium 

perman¬ 

ganate 

reduced. 

Organic 

Matter. 

Cldorine. 

Ammonia. 

Lime find 
Magnesia. 









Experiment I. —Pasteur-Chamber land filter filled with animal charcoaL 


Unfiltered 

Gras. per gal. 

Gras, per gal. 

Gras, per gal. 

Gras, per gal. 

Gras, per gal. 

Gras, per gal. 

93 * *3 

I ‘02 

5 07 

9*10 

*0063 

21*70 . 

Filtered 

4690 

0*24 

1*22 

8*90 

*0021 

8*40 . 


Experiment 1L —Maignen’s Filtre Rapide. 


Unfiltered 

88-55 

0*98 

4*90 I 

8-75 

•OO63 

21*70 

Filtered 

32*20 

O 05 

3*5 

8-75 

*0021 

4*55 


Seeing that brewers frequently use their brewing waters 
for the steeping of their barleys, and for boiler-feed purposes, 
it will be desirable to briefly consider waters from these stand¬ 
points. 

• Brewing Trade Review (abstract), 1888, p. 335, (Benchte der Dcutschen 
Chcmbcheo Gesellschaft, xxi. (1883), p. 1683.) 
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Malting Waters, 

As in the case of brewing waters, it will be convenient to 
consider malting waters, first from the standpoint of their 
dissolved salts, and secondly from the standpoint of their 
organic purity. It must be confessed that, on the whole, such 
work as has been done with respect to the former consideration 
is of an unsatisfactory character. It is limited to researches 
by Lintncr,* and Mills and Pcttigrcw.t Lintncr’s experiments 
go to show that salt impedes the germination of barley, and 
reduces the elimination of albuminous matter. His results 
are as under:— 


— 

Hours in 
Steep. 

Days 00 
floor. 

Extract of 
malt per cent 

Albuminoids 
in malt. 

Ordinary water . 

97 

6 

699 

8*8$ 

Water with 21 grains of salt 





per gallon. 

125 

■ 

663 

11*91 

Water with 2 5 grains of salt 





per gallon.. 

132 

mm 

63-5 

12*65 


Linker's statement as to the checking of germination by 
salt is in accordance with what would be anticipated from the 
ascertained action of salt on vegetation generally; the value 
of the above results, indicating a lessened extraction of albumi¬ 
noids, is reduced for practical purposes, seeing that the 
steeping periods are far in excess of those adopted in this 
country. 

Apart from this we are quite in the dark as to whether a 
great or a small extraction of albuminoids gives the best 
practical results in the brewery. No great weight can be 
attached to these experiments, until we have ascertained the 
connection between certain proportions of albuminoids in our 
malts, and the quality of the resultant beers. 

* Lintncr, * Lchrbach der Bicrbraucrel,’ p. 137. 
t Journal Chemical Society, xlL (1883), p. 38. 
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The researches of Mills and Pettigrew are more elaborate^ 
but of no appreciable value at present for practical purposes. 
They find that waters containing much lime compounds im¬ 
pede the extraction of nitrogenous matter, but not to any very 
marked extent They also find that the soft (and somewhat 
impure) Lichfield water, used by the Burton firms for steep¬ 
ing purposes, extracts more nitrogen and as much non- 
nitrogenous organic matter, as waters artificially prepared, and 
containing (i) chalk, (2) gypsum, (3) salt It is pretty well 
shown by them that waters containing gypsum (waters of 
Class I.) extract less phosphates and nitrogenous matter than 
waters deficient in gypsum, &c But this information, in the 
present state of our knowledge, is not very useful. We are in 
complete ignorance as to whether it is desirable to extract 
little or much phosphates and nitrogenous matter, and 
until we know which is right, the value of the experiments 
before us must rest in abeyance. What we require is a series 
of practical maltings, made on the same material, and under 
otherwise identical conditions, but with waters of different 
types. The resulting malts will then require the most search¬ 
ing analysis, and should preferably be practically brewed with 
under the same conditions, and the resultant beers examined 
as exhaustively as the malts. By this means a connection 
would be established between the steeping water and the malt, 
and the beer. Until that connection is made, it will be safest 
to make no statement as to the salts desirable or undesirable 
in malting operations. 

Our present system of steeping induces apparently a large 
extraction. This may be right or wrong ; at any rate, it has 
not been proved wrong, and it gives good practical results. It 
would seem, therefore, that the use of gypseous waters is 
adverse to the spirit of our present system; and the ex¬ 
perience of the Burton brewers, who prefer the soft (and not 
very pure) Lichfield water to their own hard and pure water, 
rat ing be ignored. It certainly suggests that non-gypseous 
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are preferable to gypseous waters, and that is about all that 
can at present be said. 

With respect to the organic standpoint, we believe great 
organic purity is unnecessary. Southby,* although indifferent 
to the saline constituents of a malting water, insists on its 
purity. It is difficult to see, however, what effect impurities 
in the water would have, considering the highly putrescible 
matters extracted from the barley, and the myriads of organ¬ 
isms by which they are covered. 

Hansen t says, “ I have not paid especial attention to-the 
(bacteriological) examination of malting water, and for the 
reason that I consider it superfluous. The barley grains have 
on their surface an abundance of bacteria and other organisms 
before they are brought into contact with the steep water; 
therefore the greater or less number which ordinary water may 
introduce can in this instance have no importance. The 
principal evils to be feared in malting are the mould-fungi, 
and these are as rare in water as they are frequent in aerial 
dust ” 

This view of Hansen must strike everyone as reasonable. 
Not only so, but it is hard to believe that any unorganised 
organic matter in water can be of any material moment when 
we are extracting matters from barley which, as every maltster 
knows, putrefy most rapidly. The addition of bisulphite of 
lime to the steep liquor is of some little value, for it will help 
to check the only too ready putrefaction of the substances 
extracted. We distinctly hold that the organic impurity of 
a water, and its saline constituents, are of far less practical 
importance in malting than the temperature of the steeping, 
and the sufficient frequency with which the water is renewed. 
We do not of course mean that a water polluted with sewage 
would be permissible; but any ordinary pollution would 
probably not matter. 

* Southby, 4 Practical Brewing/ p.201. 

t Brewing Trade Review, ii. (1888), p. 69. 
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Boiler Feed Waters 

- The nature and degree of incrustation produced depends 
upon the saline character of the water used. It is unnecessary 
to point out the loss due to scaled plates; fuel will be 
clearly lost through the resistance offered to the transmission 
of heat by the film of baked saline compounds; while the 
boiler plates themselves arc, when incrusted, liable to be 
overheated. 

The most objectionable salts in waters in this respect are 
calcium and magnesium carbonates and sulphates. Of these, 
however, the calcium sulphate is by far the most pernicious. 
Neither of the carbonates is in itself so detrimental, especially 
if certain precautions be adopted ; they are precipitated, not as 
hard scale, but in a light powdery form ; and if the flues are 
allowed to cool down before the boiler is blown off, little 
difficulty is experienced in removing any that may adhere to 
the surface of the plates. On the other hand, if this precaution 
is not taken, the heat of the flues, after the water has been 
withdrawn, will bake this substance into a hard scale. Further, 
if any considerable quantity of calcium sulphate is introduced 
into the feed liquor with the carbonates, and is allowed to 
remain unchanged in the boiler, the whole of the deposits 
(including the carbonates) will then assume the form of a hard 
tenacious coating. Again, if any tallow is allowed to find its 
way into the boiler, through the exhaust from engine cylinders, 
it forms (with the precipitated lime and magnesia) a soapy mass 
which is liable to become the source of considerable danger 
owing to its low conductivity. When engine exhaust is 
utilised directly for heating boiler feed, this lubricant should 
be discarded. 

There are two principal systems of treating boiler feed. 
The water can either be chemically treated before it enters 
the boiler, or it may be subjected to treatment within the 
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boiler itself. The most perfect system is the preliminary 
process. This process, however, is rarely adopted in breweries, 
as it necessitates the employment of rather cumbrous apparatus 
required for the ready deposition and removal of the pre¬ 
cipitated bodies. It will not, however, be wise to ignore this 
process, for it may become more general than at present 
The precipitants selected must be efficacious in the cold, and 
thus differ somewhat from those added to the boiler itself, 
where the reactions are aided by the temperatures there 
obtaining. 

There is this further difference between preliminary treat¬ 
ment and treatment in the boiler, that, while in the former 
we wish to separate the calcium and magnesium salts by 
precipitation, the precipitate being removed by subsidence, 
in the latter we wish to render the calcium and magnesium 
salts soluble. 

As has been said, our object in treating a water outside the 
boiler is so to alter the hardening salts of the water that they 
are eliminated, and that those entering the boiler shall be of a 
more soluble nature. When this is effected, concentration may 
take place without fear of scaly deposit. The simplest form of 
this class of treatment is the addition of lime. This removes 
the carbonates only, but is quite without action upon the sul¬ 
phates and other salts of calcium and magnesium. The lime 
and caustic soda method removes practically all the hardness ; 
it does so without the aid of heat, and gives a water containing 
only soluble sodium salts, and no excess of alkali. In order to 
precipitate salts other than carbonates, it is necessary to have 
sodium carbonate. This is provided by the caustic soda and 
the free carbonic acid usually present in the water. Only 
enough caustic soda is employed to decompose the sulphates, 
chlorides, &c., any excess of free carbonic acid being removed 
by lime. To precipitate magnesium salts, caustic soda, and 
not the carbonate is to be preferred. The following equations 
exemplify the reactions:— 
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CaCO t ,CO t + CaO « iCaCO, 

CaCO*CO t + aNaHO = CaCO t + Na,CO, + H ,0 
CaS 0 4 + Na t CO i = CaCO t + Na,S 0 4 
MgS 0 4 + aNaHO a MgH t O t + Na^ 0 4 .* 

Where the permanent hardness due to calcium salts is 
excessive, or the quantity of free carbonic acid too small, it 
becomes necessary to supplement the caustic soda with 
sodium carbonate, in order to make up the total quantity of 
carbonate required. The caustic soda and sodium carbonate, 
when added in regulated quantities, are practically wholly 
converted into sulphates or chlorides, which are both soluble 
and harmless. It is 9 however, impossible to remove the whole 
of the calcium and magnesium by this process, owing to the 
slight solubility of calcium carbonate and magnesium hydrate. 
There is some variation, too, according to the impurities 
present, and the time allowed for the reaction. In this 
process the magnesium salts are either precipitated as car¬ 
bonate or hydrate, according as sodium carbonate or caustic 
soda is used as the precipitant Although the whole of the 
calcium and magnesium salts cannot be removed, water so 
treated is immensely improved, and, if pro|>cr precautions arc 
observed, boilers that are fed with it need never develop a 
scale. There are two points worthy of special notice with 
regard to the influence of magnesium salts in boiler feed 
water. It is a curious fact that magnesium carbonate, although 
precipitated as such, is eventually converted into the hydrate 
after prolonged exposure to the high temperature within the 
boiler. This magnesium hydrate is much more readily baked 
into a hard scale than is the calcium carbonate. It is there¬ 
fore of importance that when magnesium salts are present in 
the feed-water, greater care than usual should be taken to 
allow the flues to cool down before the water is withdrawn 
from the boiler. When any magnesium exists as chloride, it 

• Readers interested in the softening of water supplies outside the boiler should 
cownJt an in ter esting paper by Messrs. Macnab and Beckett, Journal Society 
Indnstry, ▼. (1886), p. 267, which has been freely used. 
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is of special importance to ensure its conversion into the 
carbonate or hydrate. The chloride is rapidly decomposed 
at a high temperature, such as is maintained within a boiler, 
hydrochloric acid being set free. This of course might prove 
most injurious in time unless a sufficiency of alkali were 
present to neutralise it. 

Sometimes a soluble salt of aluminium is resorted to, in 
order to facilitate the deposition of the calcium and magnesium 
precipitate. Enough lime and soda must in this case be 
added to precipitate the aluminium as hydrate, as well as to 
remove the hardness of the water. The usefulness of this 
precipitated alumina is, however, chiefly felt in the case of 
waters which are organically impure. With these, precipitation 
is generally sluggish, and without the alumina there is a 
tendency to turbidity a long while after the lime and soda 
have been added. If, too, the original amount of hardness 
is small, the whole precipitate exists in such a fine state of 
suspension that subsidence is very slow. Alumina here is 
of great service. 

As a rule the boiler feed waters in a brewery are treated 
in the boiler itself. Of the substances used for this purpose the 
most general are free alkali (soda), boiler compositions con¬ 
taining sodium tannate, and neutral bodies which, by their 
mechanical agitation in the boiler, to some extent prevent 
the hard silting on the boiler plates, and allow of their being 
more readily cleaned. Malt-combes are frequently added for 
this latter purpose. The sodium tannate has, on the other 
hand, a specific chemical action. The tannic acid combines 
with the calcium and magnesium, with the production of a 
soluble calcium or magnesium tannate, and the acid of the 
previous calcium and magnesium combines with the sodium, 
these sodium compounds being all soluble. The action of 
free alkali in decomposing calcium and magnesium salts has 
been already referred to. 

It is a common fallacy to add large quantities of the soda. 
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or boiler composition, all at one time after the boiler has been 
cleaned. This is a mistake in many ways. There is always 
a chance, if the boiler is regularly and efficiently blown off, of 
the material being entirely used up previous to the addition 
of the next quantity. Again, the large excess of alkalinity 
at first is very apt to induce priming. It is preferable in every 
way to add definite quantities daily, depending upon the 
amount of water evaporated, and the amount of insoluble 
matter it is desired to render soluble. 

Very good results may be obtained by the daily injec¬ 
tion of sodium carbonate. It has no influence upon the 
calcium and magnesium carbonates; but these are, as has 
been stated, comparatively harmless if unaccompanied by 
the sulphates, which the sodium carbonate would remove. 
To carry out the system, it is necessary to arrive at an 
estimate of the average quantity of water daily injected into 
the boiler. The next step is to ascertain the quantity of 
calcium sulphate contained in the liquor supply, as well as 
any other calcium and magnesium salts, besides carbonates, 
which, might use up the alkali, and for which due allowance 
must be made. Brewers are acquainted, as a rule, with the 
quantities of the saline constituents in their waters, and only 
a simple calculation is necessary ; the following figures may, 
however, be of use. 

Sodium carbonate crystals. 

lo grains of calcium sulphate (anhydrous) require 21 *03 Nag Co, + ioH a O. 

to grains of magnesium sulphate (anhydrous) ,, 23*83 

10 grains of calcium chloride (anhydrous) ,, 25*77 

10 grains of magnesium chloride (anhydrous) „ 30' 10 


•1 
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CHAPTER II. 

BARLEY AND MALT. 

INTRODUCTORY. 

In barley we have to do with the most important of the 
brewing materials, since it must always form the basis of all 
brewing operations, and, beyond a certain point, it can never 
be replaced by any other material. 

Barley, like wheat, oats, and rye, belongs to the cereals, 
and is placed by botanists in the Natural Order Gramineae, 
or Grasses. It is a member of the genus Hordeum , the 
species which is usually met with being Hordeum vulgare. 
This species embraces many varieties, and is divided, accord¬ 
ing to the arrangement and position of the grain upon the 
spikelet, &c., into four groups, each of which includes a large 
number of sub-species and varieties. Komicke * has classi¬ 
fied these groups as under:— 

I. Six-rowed barley ( Hordeum kexastichum). 

II. Four-rowed barley ( Hordeum tetrastichum). 

III. Intermediate barley ( Hordeum intermedium). 

IV. Two-rowed barley ( Hordeum distichum). 

It is only the members of the last group which are of any 
importance in brewing, and of these it is the many varieties of 
the long two-rowed barley that are generally employed. The 
best known and most widely distributed of these varieties 
is, perhaps, the Chevalier, which is largely cultivated in all 
barley-growing countries, and which probably combines in 
itself all the best qualities of every variety of barley. 

* ZeitschriA l d. gesammte Brauwesen, 1882, p. 114, it stq. 
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Valuation and Examination op Barley. 

The desirable characteristics of a sample of barley may be 
classed under two heads, essential and non-essential Of 
the essential qualifications, good "condition" is the first. 
Thu comprises all those qualities upon which perfect 
germination depends: maturity, dryness, freedom from 
damaged andfrom heated and discoloured corns. In addition 
to condition, mealiness is, as a rule, a desirable characteristic 
Actual age is important, and also odour, as an indica¬ 
tion of condition. Dryness is of particular importance, 
because, as is well known, damp barley invariably fails to 
germinate satisfactorily, and if stored it is certain to become 
mouldy. Its vitality, instead of improving, as is the case 
with dry barley up to a certain limit, is often very seriously 
reduced. Maturity, or ripeness, is also important, since neither 
under- nor over-ripe grain germinates satisfactorily. By 
mealiness, is meant the condition of the interior of the com, 
and this to a considerable extent is dependent upon ripeness, 
and, to a less extent, upon the climatic conditions under 
which the ripening has taken place. If, when bitten, the 
exposed section of the grain is regular and white, the germi¬ 
nation will probably be vigorous; if it is of a bluish-grey 
or brownish tint, and of a hard and brittle nature, there is less 
likelihood of a perfect modification on the growing-floor. 
This peculiarity is probably due to the presence of small and 
densely-packed cells, with highly resistant ccllulosic walls, 
and points to unsatisfactory conditions of growth and harvest¬ 
ing. Those corns which are situated at the extremity of the 
car are more likely to be vitreous or steely than the lower ones, 
hence, perhaps, the presence of steely corns to a certain extent 
in all samples of grain. Freedom from damaged corns is 
highly important Broken or half corns are easily seen 
at a glance; but very careful scrutiny is needed to detect 



56 A Text-Book of the Science of Brewing. 

slight abrasions of the husk. If the corns have been broken 
off too close to the ear, much damage may also be done. On 
the whole, samples in which the awns arc incompletely re¬ 
moved are preferable to those that have been too closely 
dressed. The last mentioned imperfection affords excessive 
encouragement to germs of mould and bacteria. Freedom 
from heated and discoloured corns is also essential for 
regularity of germination. These corns are the result of the 
heating of the grain in stack or store, following bad conditions 
of harvest It is seldom that heated corns germinate at all, if 
the evil is very pronounced; but dark and stained corns of 
which the defects are due to bad weather alone, grow quite 
readily, although it is questionable if the quality of the malt 
from such grain is really satisfactory. Those corns which have 
started germinating in the field are easily detected by the 
appearance of the germ, and the corresponding softness of 
that end of the com. It is almost certain that with such 
corns germination will never be resumed. In addition to the 
above there is another class of discoloured corns which presents 
a greenish-yellow appearance, and is indicative of incomplete 
ripeness. A slight admixture of these is often found in 
otherwise good samples of barley, and is probably due to 
portions of the crop having been grown under hedgerows, or 
in situations where they were deprived of the direct rays of 
the sun. Some corns of this class grow apparently well, 
but still they must be considered decidedly objectionable. 
Unevenness in maturity is often due to an admixture of the 
seed-barley in the first instance, and it is then the direct result 
of agricultural incompetence. 

The above are the essential qualifications of barley for 
malting purposes, which all lead up to the main considera¬ 
tion, that of vitality. Although much may be determined, 
as regards the vitality of a sample, by an experienced 
and crictical examination, yet the only reliable test is to 
subject it to such conditions as favour germination, whereby 
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the degree and regularity of growth can be ascertained. This 
may be done by sowing in moist flannel, or sand, but probably 
the most accurate and certainly the quickest results are 
obtained with the Coldewe and Schoenjahn apparatus. 

If the grain is in sound condition to start with, vitality 
increases for a time, thus, samples that early in the season 
contain many idle corns, often grow much better after a few 
montlis’ storage. Barley, however, does not grow readily 
after the second year. 

Corn which has been harvested under adverse circumstances 
and stacked and stored before it is dry, generally contracts a 
disagreeable smell indicative of fungoid growths. 

The following may be termed non-essential qualifications : 
size, weight , uniformity , and cleanliness . Size and weight are 
naturally closely connected, and were, under the old fiscal 
system, considered of prime importance. Heaviness generally 
implies fulness and maturity with a consequent smaller pro¬ 
portion of husk. In some cases it is evidence of careful culti¬ 
vation. Outside these considerations mere weight is of little 
importance. Uniformity applies both to regularity of size, and 
also to the general homogeneity of the sample. In the latter 
respect it may of course have an important bearing upon vitality, 
since mixtures of dissimilar barleys cannot possibly grow 
regularly. In the absence of grading machinery, irregularity 
of size may also have an important influence upon satisfactory 
germination. Small corns arc more quickly saturated with 
water than larger ones, and therefore either start more quickly, 
or, if the steeping is prolonged, never start at all, having had 
their vitality destroyed by the prolonged immersion. The latter 
is, of course, an extreme supposition, but it helps us to realise 
the disadvantage of attempting to work an uneven sample. 

By cleanliness is meant the absence of other seeds, 
which are often particularly noticeable in foreign barleys. 
Unless these are previously removed, the flavour and aroma 
of the beer are liable to be affected. Cleanliness also denotes 
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the absence of stones, dirt, and other rubbish, and is on the 
whole an important consideration in determining the value of 
a sample. No reference has yet been made to general colour, 
which varies considerably with the district and season. Depth 
of colour, if accompanied by brightness, does not necessarily 
imply inferiority, but the original colour of the barley can 
hardly fail to have some influence upon the tint of the beer, 
irrespective of the curing process. We therefore find that for 
pale ale brewing a light coloured barley is preferred. 


THE MORPHOLOGY AND EMBRYOLOGY OF 
THE BARLEY-GRAIN * 

When a grain of ripe barley is examined, it is at once 
seen to be spindle-shaped, and with the point at one end 
much more regular and sharper than at the other. The 
sharper end is the lower end of the com and often exhibits 
the scar which marks the point of the former attachment of 
the grain to the spikelet of the ear. 

One side of the grain is much more convex, both laterally 
and longitudinally, than the other. The former is hence known 
as the ventral side (Plate II., Fig. 1, b), and it is the side which 
faces inwards whilst the grain is still attached to the ear. 
Throughout the entire length of the ventral side, there runs 
a furrow (Plate II., Fig. 1, c) t which, at the lower end, contains 
a fine bristle, known as the “ basal bristle ” (Plate II., Fig. I, d), 
and furnished with very fine lateral hairs. This bristle, which 
on closer examination is found to be in intimate connection 

* For more detailed information on this subject, see s— 

Holzner and Lermer, 1 Beitr&ge zur Kentniss der Gerste,’ Mflnchen, 1888. 

W. Johannsen, * D^veloppement et constitution de l’endosperme de Forge.’ 
Comp. rend, de Carlsberg, 1884, p. 60. 

H. T. Brown, * A Grain of Barley.’ Trans. Burton-on-Trcnt Nat. Ilist and 
Arch. Soc., 188S, p. no. 

Brown and Morris, ‘ Researches on the Germination of the Graminem.’ Joum. 
Chem. Soc., lvii. (1890), p. 459. 



Plata, n 


Figtl Grairv of Barley, cu. Dorsal view. 1. ventral we* 
o. Ventral/, farrow, ds. basal bristle'. (After JTolgner.) 

Fig; 2 Jhagraanmatie sketch/ of longitiidinaJb section/ of a/ grain/ of 
barley, p s. Paleeu superior, pro. Boubtcu infbrior. p.Ptricarp. 
b. Testa/, cu V Alearone layer, erud/. Dridosperrw. tm/.Bmbryo 
d/. Basalt bristle, aw. Awn/. (After Bolgner.) 

Fig: 3. Transverse section/ through/ Barley Grairv. rv. Bemnantt of 
rvacLeus. fp. Section/ of pigment/ string*. Other parts as 
in/ -Fig: 2/. (After Bolgruer) 


E*r.K6pon, Londonlr How Tbrk. 


IWMIfcSai, 








59 


Barley and Malt . 

with two scalc-like processes, the so-called lodicules , occurring 
under the pales and enwrapping the embryo, was formerly 
supposed to absorb and conduct water to the embryo and thus 
hasten its growth. Experiment has, however, shown this view 
to be incorrect, and it is now generally accepted that these 
lodicules are the remains of organs which played their part 
in the earlier life of the grain; they correspond, in fact, to 
the calyx and corolla of other flowering plants. 

The outer and less convex side of the grain is termed the 
dorsal side (Plate II., Fig. I, a). The evenness of its surface 
is broken by five slight ribs which run the entire length of the 
grain, and mark the position of the same number of vascular 
bundles. These vessels serve to nourish the outer coating, 
and are well seen in a transverse section of the grain, to the 
dorsal side of which they give an angular appearance (Plate 

Fig. 3). 

In nearly all varieties of barley, the grain is covered by a 
thick outer coating, consisting of the two pales. Strictly 
speaking these pales do not belong to the grain at all, since 
they are the remains of the protecting envelopes of the flower. 
The pales are closely adherent to the dorsal and ventral sides 
respectively of the graia That adhering to the latter is the 
smaller and innermost, and is known as the palea superior 
(Plate II., Fig. 2, pj.\ whilst that adherent to the dorsal side 
is known as the palea inferior (Plate II., Fig. 2, it is the 
larger and outermost of the two, slightly overlapping the other, 
and its upward prolongation forms the beard or awn of the 
grain (Plate II., Figs. I and 2, aw). In the majority of 
cereals, such as wheat, rye, &c, the pales are non-adherent, 
and readily separate from the ripe grain in the form of chaff. 

Underneath the pales, wc find the true integuments of the 
grain; these consist of the pericarp , and the testa, the former 
being the outermost Of these coatings, the testa (Plate II., 
Figs. 2 and 3, /) is the survival of the wall of the embryo-sac, 
and forms the integument of the seed, whilst the pericarp 
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(Plate II., Figs. 2 and 3,/) is derived from the walls of the 
ovary, and corresponds to the covering of the fruit in other 
plants. Both these coatings can be differentiated into several 
layers of cells. The outermost layers of the cells of the 
pericarp are arranged longitudinally, and give rise to the 
striated appearance which a barleycorn shows when the palese 
are removed. Both the pericarp and the testa have their 
point of origin in the so-called " pigment-string*' (Plate II., 
Fig. 3, f.p), a line of tissue, which runs the whole length of 
the grain, and has a distinct reddish-yellow colour; it is the 
remnant of the line of attachment of the ovule to the walls of 
the ovary. 

A close comparative study of the development of the 
barleycorn shows that the ripe grain includes the united 
products of ovule and ovary, that is to say it is a combination 
of bpth seed and fruit; the fruit or ovary is, however, repre¬ 
sented only by the pericarp, referred to above. 

The two essential parts of a barleycorn are the embryo 
and the endosperm. The former, which constitutes about 
^th of the com, is situated at the base of the dorsal side of 
the grain (Plate II., Fig. 2, em); the latter (Plate II., 
Figs. 2 and 3, end.), constitutes the remaining portion of the 
grain. 

On the side adjacent to the endosperm, the embryo has a 
shield-like expansion, the scutellum (Plate III., Fig. 4, scut.), 
which, lying in close contact with the endosperm, serves as a 
special organ of absorption, through which, during germination, 
the nutritive matter stored in the endosperm must pass on its 
way to the growing portions of the embryo. The actual line 
of separation between the embryo and endosperm is marked 
by a line of cells forming the epithelium (Plate III., Fig. 4,1 
ab. ep.), which covers the whole of that portion of the scutellum ' 
in contact with the endosperm. The cells of the epithelium \ 
are columnar in shape and are arranged with their longer 
dimensions normal to the surface of the scutellum. The 
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bases of the cells are closely united with the subjacent tissue 
of the scutellum, and their free ends are in the very closest 
contact with the deplated layer of cells (Plate III., Fig. 4, c. c.) 
of the endosperm, but are not in any way organically united 
with this tissue; in fact it has been shown by Brown and 
Morris that the relation of the embryo to the endosperm is 
purely parasitic, or more correctly, saprophytic* 

The cell-walls of the epithelium are very thin, and not in 
the least cuticulariscd. The cell-contents, before germination, 
are very finely granular, with a large and distinct nucleus. 
The epithelium has long been regarded as being especially 
concerned in the transference of nutritive matter from the 
endosperm to the growing parts, but Brown and Morris have 
shown that the function of absorption is one which the epithe¬ 
lium shares with the deeper-seated cells of the scutellum and 
the principal organs of the axis, whilst the properties which 
markedly differentiate it physiologically from the other tissues 
are its special secretory functions. 

The cells of the scutellum underlying the epithelium arc 
polyhedral, and have well-marked laminated walls and con¬ 
spicuous intercellular spaces. The cell-contents of these cells 
consist principally of minute spherules of aleurone, embedded 
in a fine protoplasmic network; there are also present, 
mingled with the aleurone-grains, minute globules of fat The 
alcurone-grains arc completely soluble in a 10 per cent, solution 
of sodium chloride, and appear to consist of at least two com¬ 
pounds, one belonging to the class of albumoses , the other to 
that of the vegetable globulins. 

Immediately below the scutellum, and in intimate organic 
connection with it, are the main organs of the axis, the plumule 
and the radicle. The former consists of four rudimentary 
leaves (Plate III., Fig. 4, f l9 / 3 , / 8 , / 4 ), inclosed in the 

• The distinction between these two terms is that whilst a parasite obtains 
its nourishment from another living plant or animal, a saprophyte flourishes on its 
host when dead and inert 
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plumule-sheath {plum . sh .), whilst the primary radicle (rad.), 
with its root-cap (r. cap.) % is completely embedded in the root- 
sheath (Plate III., Fig. 4, r. sh .). 

Returning to the endosperm, we find that this portion of 
the grain of barley is principally filled with a mass of thin- 
walled cells closely packed with starch-granules embedded in 
a very fine network of proteid material (Plate III., Fig. 4, s . c .) 9 
and arranged with their larger dimensions parallel with the 
axis of the grain. These starch-containing cells are surrounded 
by a triple layer of thick-walled rectangular cells (Plate IIL, 
Fig. 4, al .) 9 the so-called aleurone-cells % the cell-contents of which 
consist mainly of closely packed aleurone-grains and fat, em¬ 
bedded in a protoplasmic matrix with well-defined nucleus. 
The aleurone-layer, where it is in contact with the starch-con¬ 
taining cells of the endosperm, usually consists of a triple or 
quadruple row of cells, but in the portion surrounding the 
embryo it dwindles to a single row of cells, which gradually 
dies away towards the base of the grain. This aleurone-layer 
does not, however, enter the embryo at any point, but is only 
in close contact with it. 

Lying between the starch-containing portions of the 
endosperm and the embryo is a comparatively thick layer of 
emptied and compressed cells (Plate III., Fig. 4, c. c.) t belonging 
to the endosperm. These cells are emptied of their contents 
during the later stage of the growth of the grain, when the 
development of the embryo goes on at the expense of some 
portion of the starch-containing cells of the endosperm. As 
these latter are emptied of their contents, they are gradually 
compressed by the growing embryo, and are found in the 
mature grain in the form described. 

Having now described in brief the chief points in the 
anatomy of the barleycorn, we are in a position to examine 
the morphological changes which take place during germina¬ 
tion. The results of these changes are of a threefold nature, 
there being in the first place, the dissolution of the cell-walls 
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of the endosperm by a special enzyme; in the second place, 
the dissolution by diastase of the starch-granules thus set 
free, and the transference of the soluble products of the action 
to the growing points of the embryo; and finally, the 
changes which render the reserve nitrogenous material of the 
endosperm-cells available for the food of the young plant 

We know very little of the changes which the protoplasm 
of the endosperm undergoes, or of the agent which brings 
about the modification of this coniplex and non-diffusible 
nitrogenous material and renders the products of its conver¬ 
sion capable of diffusing through the cell-walls of the scutellum. 
That some action of this kind takes place there can be no doubt, 
since H. T. Brown has stated that he found, during eleven 
days’ germination of barley, 40 per cent of the total reserve 
nitrogen originally present in the endosperm had passed 
through the scutellum to the young plant And from the work 
of Green and others, on the germination of certain leguminous 
and other plants, there can be little doubt that this transference 
is brought about by the agency of a protco-hydrolytic enzyme 
somewhat analogous to the pancreatic ferment of the animal 
body. Experiment has shown that the latter enzyme is 
capable of converting the coagulable albuminoids of cold- 
water barley-extract into readily diffusible and crystallisable 
substances, and indeed, cold-water malt-extract itself exerts a 
similar, but very much feebler action. Here we undoubtedly 
have a breaking down of the albuminoids into the simple 
amido-bodics, leucin, tyrosin, asparagin, &c, and, as before 
mentioned, experiments with other seeds have shown that the 
same action takes place during germination. In those cases 
in which a ferment of this nature plays a part, it has been 
shown to be present in the form of a zymogen^ a substance 
which requires the presence of a small quantity of acid in 
order to develop its full activity. 

Our knowledge of the other changes which take place in 
the germinating grain is much more extended and precise. 
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It has long been known 0 that a portion of the cell-walls of 
the endosperm disappears during germination, but it is only 
quite recently that the true nature and full extent of this 
disappearance of cellulose has been understood.f Brown and 
Morris have shown that within from 24 to 36 hours of the 
commencement of germination the cellulose of the depleted 
layer of cells between the embryo and endosperm becomes 
softened, and finally almost completely disintegrated and 
dissolved; whilst, as the germination proceeds, this action is 
extended to the starch-containing cells of the endosperm, and 
proceeds progressively throughout the length of the com. 
This action is always antecedent to any action upon the 
starch-granules; in fact, Brown and Morris show that these are 
never attacked as long as the walls of the cells containing 
them are intact. The first indications of this action are seen 
in the swelling up of the cell-wall, the stratification of which 
becomes much more apparent, owing to a partial separation 
of its constituent lamellae. As the action proceeds, these are 
gradually disintegrated, and break down into minute frag¬ 
ments* which finally disappear, leaving no visible sign of 
separation between the contents of contiguous cells. 

When this action has taken place throughout the whole 
of the endosperm, the grain is readily friable or “ mealy ” 
throughout, and without doubt the process of malting 
consists in bringing about this action to the fullest possible 
extent 

The dissolution of the cell-wall takes place in certain 
definite directions in the germinating grain. Commencing, as 
stated above, in the depleted layer of cells in contact with 
the epithelium of the scutellum, it progresses most rapidly t 
along the grain immediately under the advancing plumule. 
This action, which is shown diagrammatically in Plate IV., is 
not due to any direct action of the growing plumule, but to the 


* Brown and Heron, Journ. Chero. Soc., 1879, p. 622. 
t Brown and Morris, Journ. Chem. Soc., 1890, p. 468. 
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fact that the cells in this portion of the grain are the youngest 
in point of development, and their cell-walls are consequently 
less resistant to the ferment which brings about the dissolu¬ 
tion of the cellulose. The soluble ferment, under whose 
influence the cell-wall is dissolved, has not yet been isolated 
in a pure state, but Brown and Morris have conclusively shown 
the existence of such an enzyme in germinating barley. 

We have already stated that the dissolution of the cell- 
wall always precedes the attack upon the starch-granules; 
the former action also proceeds much more rapidly than the 
latter, but both follow the same course in the grain, and 
Plate IV., which represents the progress of the former action, 
also represents the lines of attack of the diastase upon the 
starch-granules. 

The first indications of the action of diastase upon the 
starch are seen in minute pittings on the surface of the 
granules. These pittings increase in number and depth, and 
finally radial clefts appear, and the concentric laminations 
show a more or less complete separation from each other. 
This action takes place under the influence of the diastase of 
the grain, and consists in the conversion of the starch into 
maltose, which then serves for the nutriment of the young 
plant The diastase increases very much, and also alters 
greatly in nature during germination. We shall have 
occasion to refer more particularly to these changes in a later 
section of this chapter (see p. 70.) 

The aleurone-cells of the endosperm undergo no visible 
alteration in appearance during a limited period of growth, 
such as we are considering here. 

Coincident with the above-mentioned changes in the 
reserve material of the endosperm, starch begins to appear in 
the tissues of the embryo, which in the mature and resting 
stage is free from starch. These starch granules arc not, of 
course, translated as such, but are elaborated from the cane- 
sugar, which, as we shall see later, is derived from the starch 
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of the endosperm through the agency of the epithelium 
of the scutellum. The first appearance of growth is seen 
in the elongation of the primary radicle, and immediately 
this begins, starch-granules are deposited in the tissues of the 
radicle, and to a lesser extent in those of the plumule. As 
germination progresses, the secretion of starch-granules 
spreads through the tissues adjacent to the radicle and 
plumule, and is especially abundant in the tissue immediately 
surrounding the young vascular bundles, which themselves, 
however, contain no trace of starch. The cells of the scutellum 
at the same time begin to show indications of small starch- 
granules, which appear first of all in the cells of the scutellum 
immediately underlying the absorptive epithelium. The 
appearance of starch in these tissues is coincident with the 
first signs of action upon the cellulose of the depleted cells 
of the endosperm, and affords the first indication of the 
passage of reserve material from the endosperm to the growing 
embryo. 

We have already referred to the fact that the epithelium 
plays a most important part as a secretory tissue, and we 
have mentioned that the changes which occur in the endo¬ 
sperm during germination, all take their'rise in the parts 
immediately under this tissue. The epithelial cells themselves 
undergo certain alterations during germination. The cell- 
contents become much coarser in structure, and the granula¬ 
tions increase in size and number until the nucleus is quite 
invisible. The free ends of the cells also become club-shaped, 
and form a sort of velvety pile which projects into the 
endosperm. 

It was mentioned above that Brown and Morris have 
shown the absence of any organic connection between the 
embryo and endosperm of the cereals, and have also proved 
the parasitic nature of the former, and the entire absence of 
vitality in the starch-containing cells of the latter. The 
recognition of these most important facts have enabled these 



Barley and Malt. 


67 


workers to throw much light on several questions connected 
with the embryology of the barleycorn, since the changes 
which take place in the endosperm during germination must 
be regarded as the result of influences communicated through 
the embryo. 

The method adopted for the study of these questions 
consisted in dissecting out the embryos from barley, after 
steeping for a few hours in water, and then cultivating the 
excised embryos upon artifleal endosperms of definite and 
known composition. In this way it was possible to follow 
the changes brought about by the growing embryos, and to 
determine their nature. The results obtained by this method 
of experiment will be more particularly described in later 
sections. 

Nature of Changes during Germination. 

The preceding review of the anatomy and morphology of 
the barleycorn, will enable the changes which occur in 
malting to be the better understood, and will assist in 
elucidating the objects for which the grain is subjected to this 
preliminary process. 

In classifying the principal objects of malting we must 
undoubtedly give pre-eminence (1) to the dissolution of the 
cellulosic walls of the starch-containing cells, and (2) to the 
development of the diastase. We have already referred to 
the former action and mentioned that the friability* or 
mealiness of the malted grain depends entirely upon the 
thoroughness with which the action of the soluble cyto- 
hydrolyticf ferment has spread through the grain. It has 
been found that the different varieties of barley vary very 
greatly in the rapidity and ease with which this action 

• We ere not referring here to the friability of malt as determined by the 
conditioae of coring. 

t Derived from riwt, a cell, and analogous to amylo-hydrolytic. 
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proceeds through the grain. This appears to depend greatly 
upon the influence of soil and climate, but as a rule, those 
varieties in which the cell-walls give way with the greatest 
facility possess the greatest value for malting purposes. The 
product of the action of the dissolution of the cellulose has 
not yet been identified, but it undoubtedly serves as a food 
for the embryo during the early stages of germination. 

The development of the diastase during germination is 
also of the very highest importance. As soon as germination 
commences, the embryo begins to secrete diastase, which 
passes over to, and diffuses into, the endosperm, and rapidly 
attacks the cellulose and starch-granules immediately under 
the scutellum. This was proved by Brown and Morris, by 
cultivating the excised embryos of barley upon artificial 
endosperms, consisting either of porous tiles moistened with 
water, or of gelatin alone, or of “ starch-gelatin.” The latter 
was prepared by adding finely divided barley-starch to a 
slightly warmed solution of gelatin (5 per cent), and stirring 
until the moisture was on the point of solidifying. The 
excised embryos were placed upon the surface of the “ starch- 
gelatin” when this was on the point of setting, a gentle 
pressure being used in order to bring every part of the 
convex surface of the scutellum in contact with the cultivation 
medium. In this manner it was possible, by the examination 
of small pieces of the starch-gelatin cut from beneath the 
growing embiyo, to follow the gradual progression of the 
solvent action upon the starch-granules. 

The action was seen to arise, first of all, at the limiting 
surfaces of the scutellum and starch-gelatin, and to be inde¬ 
pendent of the presence of micro-organisms. The action of 
the embryo is also dependent upon its growth, or rather vital 
activity. When the embryos were exposed to chloroform 
before being placed on the gelatin, it was found that they 
were incapable of growth, and no action took place on the 
starch. 



Barley and Malt . 


69 


Tested by the method we have just described, it was 
found that the excised embryos are entirely without diastatic 
power, but that after four days’ culture on water and 5 per 
cent gelatin respectively, both the embryos and the media 
on which they were grown showed distinct evidence of the 
formation of an amylo-hydrolytic enzyme. The appear¬ 
ance of the enzyme outside the embryo, which it will be. 
remembered was free from diastatic power, points to its form¬ 
ation from some material stored in the embryo, and modified 
in its passage outwards; showing that the formation of 
diastase is a secretory and not an excretory process. 

We have already stated that it is the epithelium which is 
concerned in this secretory function, and we may mention that 
this was clearly shown by cultivating, side by side, ordinary 
embryos and embryos from which the epithelium had been 
removed; in the former case the action proceeded as usual, 
whilst in the latter case the embryos had entirely lost their 
power of attacking the starch-granules. 

The secretion of diastase by the epithelium during ger¬ 
mination is increased by the presence of a little acid, but it is 
in no way stimulated by the presence of either starch-granules 
or soluble-starch. The presence, however, of readily assimil¬ 
able carbohydrates completely checks the secretion of diastase. 
This was shown by cultivating embryos upon starch-gelatin 
containing a little cane-sugar or other assimilable carbo¬ 
hydrate; under these conditions the epithelium docs not 
secrete any diastase whatever during germination. It was 
further shown that when barley itself is germinated in such a 
manner that a free supply of cane-sugar is available for the 
nourishment of the growing embryo, no diastase is secreted, 
and the grain remains as tough and resistant as before 
germination. This is a very important fact, and shows us 
that the power of secretion is so adapted to the requirements 
of the youhg plant, as to be only exercised when the supply 
of soluble nutriment begins to fail. In fact, the secretion of 
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diastase by the epithelium must be regarded as one of those 
starvation phenomena of which several are known to 
botanists. 

In practice, the diastase secreted by the epithelium passes 
into and permeates the endosperm, and acts, as we have 
already seen, upon the starch-granules liberated by the 
removal of the cell-walls by the cellulose-dissolving enzyme, 
which has been previously secreted by the epithelium and 
passed into the endosperm. A steady accumulation of dias¬ 
tase thus goes on during the germinating period. 

As we shall have occasion to see later, diastatic activity 
is of two kinds, namely, saccharifying and liquefying, and all 
the evidence seems to point to these two functions being due 
to two distinct ferments. The diastase of barley is almost 
entirely without any liquefying action, that is to say, a cold- 
water extract of barley is practically without solvent action 
upon starch-paste; its saccharifying action is, however, very 
considerable, and when barley-extract is allowed to act upon 
a solution of soluble-starch, it very rapidly and completely 
saccharifies the starch. During germination, the liquefying 
power is developed, and the saccharifying power is also greatly 
increased. This is well shown in the following experiment 
quoted by Brown and Morris 

Diastase in 50 corns of steeped barley = 2*325 grams CuO. 

* Throughout the paper previously referred to, Brown and Morris have 
expressed the diastatic power in terms of grams of CuO per 50 individual corns, 
embryos, or parts of embryos, &c. This was arrived at by a modification of 
Lintner*s method (see p. 452), and consisted in taking a certain number of the 
corns or parts of corns, and making an extract of these with a definite volume of 
water. A certain definite volume of this extract was then allowed to act upon a 
solution of Limner's soluble-starch, in such proportions that the reducing power 
of the transformed solution fell within the M law of proportionality.** The action 
was allowed to proceed for exactly an hour, at 30° C. (86° F.), and the cupric- 
reducing power of the solution determined gravimctrically. After due correction, 
the amount of copper oxide due to the transforming action of the diastase con¬ 
tained in 50 corns or parts of corns could easily calculated, and formed a con¬ 
venient basis for comparison. 
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Much of the diastatic power of green malt is lost during 
kilning, and it has been shown by Bungener and Fries 
that the saccharifying power of certain green malts was in 
some cases reduced to as little as one-ninth of its original 
value by kiln-drying. This is confirmed by the every-day 
experience of one of us. 

The aim upon the malting floors is therefore not only to 
develop this most essential liquefying function, but also 
to stimulate the saccharifying energy of th? grain in order 
to withstand the crippling which it will sustain upon the 
kiln. A striking example of the potency of the former 
function is afforded by the custom of adding a little malt 
flour to the meal, when brewing with unmalted grain. The 
facility with which the starchy matter is prevented from setting, 
even when the temperature has exceeded the saccharifying 
limit (190-200° F.), is strong proof of the liquefying influence 
of the malt being an entirely distinct function. 

Gosely connected with this increase of diastatic power in 
the germinated grain, is the increased solubility of the nitro¬ 
genous compounds after germination. We have every reason 
to believe that there is an intimate connection between the 
soluble and coagulable albuminoids of malt, and the diastatic 
power; indeed. Brown and Heron showed that in a malt- 
extract, loss of diastatic power proceeded pari passu with the 
removal of the coagulable albuminoids by heat, and that the 
complete removal of the latter by passage through a porcelain 
diaphragm, caused a total loss of diastatic power. But, 
although there is this connection between the soluble and 
coagulable albuminoids and the diastatic power, there is none 
whatever between the total nitrogen of a barley, and the latter 
function. It is quite incorrect to infer that a barley rich in 
nitrogen will necessarily yield a highly diastatic malt: the 
production of diastase evidently depending not upon the total 
proteid matter, but upon the presence of certain varieties of 
nitrogenous substances. 
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Many attempts have been made to determine the nature 
of the changes which take place in the nitrogenous substances 
during germination, but the analytical methods employed 
have not been sufficiently exact to allow any definite con¬ 
clusions to be drawn from the results. Quite recently, how¬ 
ever, Hilger and van der Becke* have adopted methods which 
promise more hope of success. They show that the soluble 
nitrogen increases during germination as follows :— 


Calculated on total nitrogen. 

Barley. 6*74 per cent, soluble nitrogen. 

Steeped barley. 3*75 „ „ 

Green-malt. 21 96 

Kilned-malt.24*44 », „ 


Their results on the degradation of the soluble nitrogenous 
substances are also far in advance of any previous ivorkers, 
and show clearly the large increase in peptones, amido- 
acids, and amides (pp. 138-141), which takes place during 
germination. The following table gives a summary of these 
results, calculated on the dry matter of the barley and malt:— 




Barley. 

Steeped 

barley. 

Green-malt. 

Kilned-malt. 

Nitrogen as albumen 

0*0600 

00354 

0*1671 

OII94 

11 

as peptones 

0*0046 

0*0009 

0*0058 

0*0233 

»» 

as ammonium salts.. 

0*0169 

none 

0*0290 

OOO57 

»» 

as amido-acids.. 

0*0417 

0*0294 

0*1417 

0*2257 

»» 

as amides. 

none 

none 

0*0505 

0*0029 


Another, and most important change, which goes on 
during germination, is the disappearance of starch and the 
consequent increase of ready-formed sugars in the grain. 
The “pitting 0 which the starch-granules undergo during the 
latter portion of the germinating period has been already 
referred to, and this “pitting” is of course indicative of the 
dissolution of the starch which is taking place. Stein places 
* Archiv fur Hygiene, x. (1890), p. 477. 
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the loss of starch during germination at 5*2 per cent, and 
Marckcr gives 4 per cent as the amount but recent nutfibers 
given by Brown and Morris point to a much greater loss than 
either of the above. The figures they give, are— 



Starch in 1000 corns 
of barley before 
germination. 

Starch in 1000 corns 
after ( 6 days' 
germination. 

Loss of Starch. 


Grams. 

Grams. 

Grams. 

Experiment v .. 

20‘0552 

«5'4398 

4’6iS4 


19-9158 

*S3 6 36 

4‘5S M 


A portion of this starch is entirely lost in the form of gas, 

having been evolved as carbonic anhydride and aqueous 

vapour, as shown by T. C. Day, during the respiration of 

the growing grain; a second portion has been used up 

in the formation of new tissue in the young plant; but the 

third and largest portion is retained within the grain in the 

form of cane and other sugars. The quantity of ready-formed 

sugars pre-existent in barley is thus considerably increased 

during germination. Kjeldahl * first pointed out that the 

amount of cane-sugar increased from 1 • 5 per cent in barley 

to 4*7 per cent in green-malt, and O’Sullivan f later published 

the following complete analysis of the sugars in barley before 

and after malting 
§ 


Sogers. 

No. x Barley. 

No. a Barley. 

Before 
germ mat loo. 

After 

germination. 

Before 

germination. 

After 

germination. 

Cane-sugar .. 



I ’39 


Maltose.. 



) 

( »* 9 * 

Dextrose 



> 0*62 

\m~;m 

Leralose 

WM 

mm 

i 

in 


• R&uml da compte-rendu des traraux da Laboratoire de Carlsberg, 1881, 
P* 189. 

t Journal of the Chemical Society, xlix. (1886), p. 58. 
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Recently, Brown and Morris have more closely examined 
the distribution of these sugars through the grain, and for 
this purpose carefully separated the embryos and endosperms 
of a large number of corns, and determined the sugars in each 
portion. The following table expresses their results, calcu¬ 
lated on the dry weights of embryos and endosperms 
respectively:— 


Sugars. 

Barley after steeping in water 
for 48 hours* 

Barley after germination for so days. 

Embryos. 

Endosperms, 

Embryos. 

Endosperms. 

Cane-sugar .. 

Per cent. 

Per cent* 

Per cent. 

Percent. 

5*4 

0*3 

24*2 

2*2 

Invert-sugar .. 

i-8 

0*2 

1*2 

2*2 

Maltose.. .. 

— 

— 

— 

4*5 

Total.. .. 

7 *a 

o*s 

2$’4 

89 


These results are interesting, as showing that the 
maltose is confined to the endosperm, the portion of the 
grain in which it originates; whilst the cane-sugar, and the 
product of its decomposition, invert-sugar, arc almost entirely 
confined to the growing embryo. This points most forcibly 
to the conclusion, that the maltose is absorbed, as such, from 
the endosperm by the epithelium of the embryo, and at once 
converted by the living cells of the latter into cane-sugar. 
That such an action actually does take place, Brown and 
Morris proved by cultivating excised embryos upon solutions 
of maltose and dextrose; in the former case, cane-sugar in 
considerable amount was found in the embryos after six 
days' culture, whilst those embiyos grown on dextrose solution 
contained no trace of cane-sugar. 

The amount of fat in barley is also much diminished 
during germination. According to John, quickly-grown malt 
loses 20*7 P er cent., and slowly-grown malt 30*2 per cent of 
the original amount 
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Barley arid Malt. 

Among the minor changes which take place during 
malting are—(i) the decrease of a- and / 9 -amylan, which 
undoubtedly yield products which go for the nourishment of 
the embryo; and (2) the decrease in the amount of ash. The 
following are some numbers showing this decrease of mineral 
constituents:— 

Barley contains 2*95 per cent of ash. calculated on the dry weight 
Malt „ 261 

This ash consists, in the respective cases, of— 




Barley. 

Malt. 

Potash . 


per cent 
16*4 

per cent 

14*4 

Soda. 


6-3 

4*9 

Lime. 


4*5 

S*o 

Magnesia. 


7*7 

8*3 

Ferric oxide .. 


0*9 

1*4 

Phosphoric acid 


369 

31*2 

Sulphuric „ 


i*5 

i‘3 

Soluble silicic arid •• 


2 y 2 

*3*4 

Insoluble ,, „ 


8*4 

9*3 

Chlorine. 


1*2 

o*8 


A marked increase of acidity takes place during germina¬ 
tion, and during the kilning process. Belohoubek gives the 
numbers for this increase:— 


Barley . 0*338 per cent os lactic acid. 

Green-malt . 0*590 „ „ 

Kilned-malt .0*943 „ „ 


The extent to which the above-mentioned changes take 
place in any particular sample of barley is largely influenced 
by the rapidity of germination, and by other variable condi¬ 
tions, such as temperature and moisture. In normal 
germination there can be no doubt that the extent of the change 
is indicated by the development of the plumule; but if the 
growth is forced, the plumule may extend the full length of 
the corn in half the time required under more moderate 
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conditions, and, naturally, the grain in the former instance 
would be imperfectly malted. 

We have already seen that the principal objects in malting 
are threefold, namely (i) the development of the diastase or 
starch-transforming agent, (2) the preparation of the starch of 
the grain for transformation by the dissolution of the cell-walls, 
and (3) the development of the agent which brings about the 
modification of the nitrogenous substances. But in carrying 
out these objects it is most essential that we should guard 
against undue loss from respiration and rootlet development, as 
well as against the ravages of mould, acidity, and putrefaction. 

In order to attain the desirable conditions, without 
encouraging the evils just alluded to, the necessity for a 
prolonged, rather than a rapid germination, and for cool 
temperatures, cannot be too strongly insisted upon. The 
waste of material due to respiration and rootlet growth is 
subject to very considerable variation, but in some extreme 
cases the loss by respiration has been found to reach nearly 
10 per cent of the weight of the grain. This loss is, of course, 
at the expense of the reserve materials of the grain, chiefly 
the starch, therefore it is of great practical importance. The 
losses incurred through respiration and rootlet development 
are intimately connected: high temperatures and rapid 
germination being conducive to both, but whilst the latter 
is very evident, the gaseous evaporation proceeds invisibly. 

John gives the following numbers as the loss on slowly 
and rapidly germinated barley:— 


Respired .. . 

Malt (exclusive of rootlet and acrospire) 

Acrospirc. .. .. 

Rootlet . 


I. 

Rapidly 

germinated. 

II. 

Slowly 

genninatad. 

836 

638 

8309 

85*88 

356 

3*°9 

499 

465 

IOO'OO 

100*00 
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Thus the dry-substance of the malt (without rootlets) 
forms 88*97 per cent with the slowly germinated barley, and 
86*6$ with the rapidly germinated grain. 

With regard to rootlet waste, moreover, not only is their 
quantity affected, but their composition is also influenced by 
the rapidity of the growth. There is evidence to show that 
the greater the rapidity of growth the greater the proportion 
of starch abstracted by the rootlet 

Now if by rapid germination we were able to improve the 
quality of the malt, there might be some excuse for extra loss 
from these two causes; but as the reverse is actually the case, 
it is of double importance to adopt all means of reducing the 
loss to a minimum. 

In addition to the above changes, others, with which we 
are at present unacquainted, no doubt take place; indeed the 
fact, first proved by T. C. Day,* that more oxygen is absorbed 
during germination than is required for the oxidation of the 
carbon, evolved as carbonic anhydride, points to some further 
changes taking place. 

Screening, Kiln-drying, and Steeping. 

The remarks already made respecting cleanliness and 
uniformity are sufficient to prove the necessity for a thorough 
grading and screening of the barley prior to steeping. There 
cannot be the slightest doubt that the adoption of the best 
possible machinery is advisable, and that, although expensive, 
it quickly repays the outlay of capital by the superior quality 
of the malt produced. 

It is very desirable to remove all broken corns and foreign 
seeds, and to thoroughly cleanse the grain from adhering 
dirt and dust. The removal of the latter is of very distinct 
imi>ortance; for knowing, as we do, that the dust is largely 
composed of various micro-organisms,—bacteria, wild-yeasts, 

• Journal of the Chemical Society, xuvii. (i88o) v p. 645. 
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mould-spores, &c.—it must be apparent that the dissemination 
of this dust among the growing grain can hardly fail to have 
an injurious influence upon the product As the barley is 
shot into the cistern, there is often a dense cloud of dust, 
especially if the grain is let in before the water. It would 
always be much better to isolate the cistern so that this dusty 
cloud could not contaminate the floors; or, when this could not 
be conveniently arranged, it would be a good plan to let the 
grain into the cistern through a simple form of automatic 
mashing machine, so that the barley should be settled before 
it has time to make any dust In any case, the better plan 
is to erect proper cleansing machinery, and to collect all the 
dust in water. This collection of the dust is particularly 
important, because in most makings there is ample oppor¬ 
tunity for some of it to find its way to the germinating floors. 
If by no other means, it may readily gain access through the 
windows of the working floors, supposing these and those of 
the screening room to be left open together, and the wind to 
be favourable. There is every reason to believe that the 
marked prevalence of mould noticeable in some malthouses 
is in pari attributable to the ready access of this dust 

With regard to the kiln-drying of barley, there can be no 
doubt that it is but seldom the grain fails to be improved by 
this process, although it is frequently not an actual necessity. 
In good seasons the improvement is not always sufficient to 
warrant the extra labour and expense; but whenever the 
condition of the barley is in the least degree doubtful, we 
consider that this process is essential for the production of a 
really satisfactory malt The influence of the process, 
beyond reducing the moisture percentage to a uniform rate, 
and retarding mouldiness and deterioration, is very marked 
in connection with the vitality of the grain. It is evidently 
akin to the natural maturing of the barley in the stack, a 
process which is now unfortunately far too hurried, if not 
neglected altogether. 
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This effect is an interesting one, and has but recently 
received an explanation. Brown and Morris have shown that 
the epithelium of mature embryos is incapable of secreting 
any soluble-ferment until the ripening of the grain has ad¬ 
vanced to partial desiccation. In other words, the embryo 
is unable to exercise its secretory functions until the necessary 
amount of water has been expelled, and when this does not 
take place naturally, it is necessary to bring it about artificially 
by kiln-drying. 

Natural sweating is decidedly preferable when it takes 
place in the stack or rick, for the grain is here more readily 
accessible to the air than after threshing, when it lies in closer 
bulk. Unless grain is extremely dry it is very dangerous to 
store it for any lengthened period in dense bulk, owing to the 
risk of its becoming fusty and heated, whereby the vitality of 
the germ is endangered. This of course may occur in stack 
if the com has been got up in bad condition; in bad seasons, 
therefore, it should be artificially dried as soon after the 
harvesting as possible, in order that it may be stored in 
thoroughly sound condition. 

Unfortunately this is not always possible, on account of 
limited kiln and storage accommodation, and the British farmer 
b essentially backward in adopting mechanical and scientific 
improvements. 

In kiln-drying barley, great care must be taken not 
to allow the temperature to rise sufficiently high to en¬ 
danger its vitality, and a temperature of no° F. must be 
regarded as the maximum. The abstraction of the moisture 
must depend more upon the volume of air than its tempera¬ 
ture. When dried, the barley should be stored for at least a 
fortnight before it is steeped. This is important, as it allows 
the grain to mellow, and to undergo those ill-understood 
changes upon which its vital energy depends—in fact, the 
value of drying is in great measure negatived if the grain is 
immediately wetted. 
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The grain is now steeped, i. e. moistened with water in a 
suitable tank. We have already referred to the influence of 
the dissolved salts in steeping waters, and to the influence of 
organic purity, and as our present system is one which appears 
to aim at a maximum extraction, we are apparently doing 
right in using those waters which extract the most, that is to 
say, soft waters. We may, however, be entirely wrong; in 
which case hard waters would give the best results; as a 
matter of fact we do not yet know what we want 

Some barleys lose much more than others during steeping, 
and in the same sample the smallest corns lose the most. The 
total loss, however, seldom exceeds I • 5 per cent, and is fre¬ 
quently much less. The mineral matter extracted is generally 
in excess of the organic, but different barleys vary very much in 
this respect Temperature and duration are powerful factors, 
and have a marked influence on the vitality of the germ. 
Excessively low temperatures naturally retard germination; 
excessively high ones, on the other hand, encourage mould, 
acidity, and putrefaction, all of which are adverse to healthy 
growth upon the floors. The most desirable period of 
steeping depends upon the temperature of the weather and 
the nature of the barley, and is a question for practical experi¬ 
ence to decide; as a rule, barley is steeped for from 45 to 
72 hours. Frequent changes of the steep water are very 
essential, and we consider that the frequency of change is of 
far more importance than the nature of the water. If the 
barley is unscreened, it is clear that the water must swarm with 
myriads of germs; and however perfect the screening, there 
still remains an infinite number of these organisms on the 
grain. Not only have we to deal with the germs themselves, 
but the water extracts the very matters on which they will 
freely develop; we have here, therefore, every opportunity for 
the propagation of mould and the bringing about of putre¬ 
factive changes which can only be kept in check by frequently 
renewing the steep waters, which should be done, at least 
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every twenty-four hours. The grain should also be aerated; 
this is done when water is drawn from below and supplied 
by a sparge arm from above. 

After being steeped for the requisite time the grain is 
usually couched, and then put to germinate in thin layers on 
the floors; sometimes the couch is entirely dispensed with. 

Conditions of Healthy Germination and Drying. 

In order that germination may proceed in a healthy and 
vigorous manner, there are three principal conditions which 
must be carefully attended to. These conditions are, mois¬ 
ture, temperature, and ventilation. Moisture is of prime im¬ 
portance, since there must be sufficient water present in the 
grain to effect the solution of the food which supplies the germ. 
It is often necessary, on account of the evaporation that takes 
place on the floor, to supplement the water absorbed by the 
grain during steeping; this is done by sprinkling the grain 
some five or six days after it has left the cistern. At the 
same time it is very injudicious to continue sprinkling opera¬ 
tions at the end of the growing period ; when this is done 
it is impossible to avoid loading the grain excessively wet. 
Maltsters are careful to keep their vacant flooring damp, in 
order that the air of the house may be moist It is of great 
importance that the temperature of the growing malt should be 
kept well under control, and as a rule it should not exceed 
6o° F. at any stage; high temperatures not only promote the 
growth of moulds and putrefactive ferments, but they lead to 
unnecessary waste by the excessive development of the root¬ 
lets, and by increased respiration. Apart from the waste, the 
quality of the malt is deteriorated ; malts grown at excessive 
temperatures never yielding sound beers. It is only by slow 
growth, at moderately low temperatures, that we arrive at a 
really satisfactory and perfect internal modification. Ventila¬ 
tion is an absolute necessity; not only are relays of fresh 
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air needed throughout the house, but the layers of grain must 
be frequently turned, or moved, so that the carbonic acid gas, 
together with any products of putrefaction, may be thoroughly 
dispersed, and made to give place to fresh volumes of air. A 
part of the oxygen absorbed by the grain is evidently taken 
into combination, as has been shown by T. C. Day,* for 
more of it is absorbed than is exhaled as carbonic acid. This 
oxygen seems to be chemically fixed in the same manner as 
is the oxygen taken up by hot worts on the coolers. There is, 
however, no fixed ratio between the oxygen which is retained 
and that which is exhaled. In addition to the carbonic acid 
exhaled as a decomposition product, water also appears to be 
liberated, and the ratio between the two may be expressed 
by the following equation, which represents the oxidation of 

o orliirAQ^ » 

C,H„ 0 , + 60 , = 6 C 0 , + 6H.O. 

Before the green malt is loaded on the kiln it is usually 
allowed a period of withering, which consists in checking the 
active growth by keeping the floors cool Much of the 
moisture of the grain is dissipated in this way, and the 
rootlets fade. The withering process is really a preliminary 
stage of drying, and when it takes place satisfactorily there is 
less work to be done upon the kiln, and a shorter period for 
the detrimental influence of moist heat With perfect kilns, 
however, it is perhaps questionable if the process of withering 
is of much practical importance, but with the ordinary kilns 
no point is of greater moment than loading the com fairly 
dry, that is, with less than 45 per cent of water. 

When malt is loaded wet; the influence of the long-pro¬ 
tracted moist heat is similar to that exercised by a forced 
growth on the floors, but to a more marked degree. We have 
found almost invariably that there is under these conditions a 
tendency to the formation of an excess of ready-formed 
sugars, usually accompanied by the development of a sweet 

* Journal of the Chemical Society, xxxvii. (1880), p. 645. 
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and sickly flavour, which is permanent to the malt The mere 
increase in these ready-formed sugars is in itself hardly 
sufficient to account for the invariable unsoundness of beers 
produced from malts containing such an excess; but it is 
probable that the breaking down of an excess of starch into 
these substances, under these conditions, is accompanied by a 
similar degradation of the nitrogenous substances; and it may 
well be that it is to this latter change that the instability of 
beers brewed from such malts is due. In dealing with ex¬ 
cessively wet com on the kilns, some maltsters attempt to avoid 
the detrimental change induced by a long-protracted moist heat, 
by raising the heats from the start, and thus reducing the 
water percentage in a minimum of time. But this is no real 
remedy; for the malt will be scorched and rendered steely, 
and there will be a tendency to produce “ split-ended ” corns ; 
such corns will naturally be very liable to become affected 
with mould. The only safe course is to load the malt fairly 
dry. 

One of the many difficulties of practical malting is caused 
by the tendency of the malt to become mouldy and putrid. 
This deterioration starts on the damaged and bruised corns, 
which naturally afford a ready field for the reproduction of the 
mould and other germs. But if the disease becomes pro¬ 
nounced, then the contamination of these damaged corns will 
more or less affect the bulk of those that are intact High 
growing temperatures are also especially provocative of this 
evil, and with barley of doubtful character it is more than ever 
essential to prevent the slightest excess of heat; insufficient 
ventilation also stimulates these unhealthy growths. Anti¬ 
septics* such as bisulphite of lime or salicylic acid, added 
to the sprinkling water, are of little or no service, because in 
order to be thoroughly effective they must be employed in 
quantity sufficient to have an injurious influence upon germi¬ 
nation. 

The ill effects of mould and putrefaction arc twofold: on 
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the one hand, the wort becomes impregnated with hostile 
germs, which, when killed in the wort-copper, afford future 
nourishment for the organisms taken up during cooling; and 
on the other hand, the most injurious results can be traced to 
the degrading influence of these growths upon the starchy 
and nitrogenous bodies in the malt Through their agency 
the nitrogen compounds are degraded, and there is reason 
to believe that a portion of the carbohydrates. is decom¬ 
posed by the micro-organisms which accompany or follow the 
mould. 

The corn having germinated to a sufficient degree, a 
point indicated by the acrospire extending to about three- 
fourths of the length of the corn, by the entire mealiness of 
the grain, and by other practical considerations, it is now put 
on the kilns, where it undergoes two distinct processes, namely, 
the drying and the curing stages. 

It may be safely stated that the more quickly the moisture 
can be withdrawn from the green malt the better. But there 
is one very important qualification: it is most essential that 
the malt should not be exposed to excessive heat whilst still 
moist There arc two methods of drying, the one by the 
agency of little air and much heat; the other by more air and 
less heat. It is well known that the higher the temperature 
of a volume of air, the greater is its capacity for absorbing 
moisture. This fact has been relied upon far too much in 
the drying of malt The perfection of drying consists of the 
passage of large volumes of air, at a relatively low tem¬ 
perature, through the layers of malt 

The necessity for guarding against a high preliminary 
temperature, is due to the susceptibility of the diastase of 
the malt to moist heat and to the danger of gelatinising the 
starch. Whilst the malt is damp the diastase is seriously 
crippled by a temperature which, after the malt is dry, would 
be harmless. Indeed there is far more danger in a tempera¬ 
ture of 150° F. whilst the malt is still damp, than from 220° F. 
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after it has been thoroughly dried The principal objection 
to slow drying is the encouragement of mould and of putre¬ 
factive organisms and the risk of a prolongation of the 
growing process under the most unwholesome conditions; and 
if a malt is exposed for long upon a slow kiln, at a tem¬ 
perature of 90° or ioo° F., there is danger of its grave 
deterioration in this respect Therefore^ upon badly con¬ 
structed kilns, it appears preferable to run the risks attached 
to a somewhat higher heat at the commencement rather than 
to expose the malt to the above-mentioned dangers. But, 
given a quick draught, relatively low commencing heats are 
best Speaking generally, it is not advisable ever to allow 
the temperature of the malt to exceed 125° F. before it is 
hand-dry. 

It is most essential that, whilst drying, the malt should be 
kept frequently lightened, in order that there may be the least 
possible obstruction for the air. Malt should not be actually 
turned at this stage, because it is better to leave the layer of 
grain, originally in contact with the tiles, to act as a protection 
to the upper layer. There is nearly always some danger of 
scorching, and it is better that the deterioration should be 
limited to as small a number of corns as possible. Whilst 
damp, the malt is much more amenable to the caramelising 
influence of heat, hence a further reason for a relatively low 
commencing temperature. 


Curing. 

It has been said that the kilning of malt consists essentially 
of two stages, the drying and the curing stage. We have 
already briefly glanced at the drying process, and have seen 
that, so long as certain important conditions are fulfilled, the 
more quickly the malt is dried the better. With regard to 
curing, however, duration is a distinctly important feature. 

In the ordinary manner the malt is cured by the direct heat 
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of the furnace, and is thus exposed to the products of com¬ 
bustion. In many Continental kilns, and in a few English, the 
heat is applied indirectly, and the products of combustion are 
thereby excluded. It is supposed that the products of combus¬ 
tion increase the soundness of the beers brewed from malts 
exposed to them. This may be so, but we think their import¬ 
ance is over-rated in this direction. In point of flavour, 
however, there is no doubt that these combustion products 
certainly have some influence ; whether that influence is 
restricted to the malt only, or whether it is permanent 
throughout the brewing process, and passes into the beer, is at 
present not known. 

In the ordinary way we should prefer malts cored in 
contact with the combustion products, but we are bound to say 
that we have known malts cured without them which have 
yielded very excellent beers. 

The plan adopted by certain maltsters of enormously 
diluting the combustion products, during drying, with vast 
quantities of air from the outside, and, when drying is com¬ 
plete, of cutting off these outside air supplies, and then sub¬ 
jecting the malt to the influence of the products of combustion, 
appears to be the best. Although the influence of the latter is 
probably over-rated, yet they cannot do harm when the fuel is 
well selected, and they may do more good than we are in a 
position to say is or is not the case. 

Whatever system be adopted, it must be admitted, that 
although there are kilns which can be made to yield satisfac¬ 
tory results upon the ordinary system of heating, yet the great 
general defect of English kilns is the difficulty of ensuring 
regularity, and of maintaining a sufficiently high temperature, 
without the risk of scorching. There is an impression that 
the soundness of high-dried malts is partly due to the influ¬ 
ence of the caramelised bodies they contain. This is an evident 
mistake, because caramel in itself has but little, if any, antisep¬ 
tic property. The deep colour of a malt is some indication of 
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complete curing, and any benefit derived from the use of these 
malts is due to the reduction in diastatic activity and other 
changes connoted by the increase of colour. 

As soon as the malt is dried, the temperature may be 
gradually raised to the final point, the speed with which 
this can be safely attained depending on the construc¬ 
tion of the kiln. If allowed to rise too rapidly there is 
danger of scorching, owing to the heat of the lowest layer of 
grain becoming too high before the thermometers register 
the maximum heat The temperature of the tiles is always 
considerably in advance of the main bulk of the grain, and the 
thermometers usually employed do not register the actual 
heat of the tiles at all. When the maximum temperature has 
been attained the heat should be kept up at that point for at 
least six hours, in order that it may penetrate to the heart of 
the grain. This is a most important point, and is one fre¬ 
quently neglected, since many maltsters, as soon as the 
maximum is arrived at, fancy they have done all that is 
required. The interior of the grain of malt is a bad conductor 
of heat, and consequently, penetration is slow, the heat passing 
more readily between the corns with the upward current of air. 
For this reason it is desirable to curtail the draughts during 
the curing stage, and, upon the ordinary system, to confine it 
entirely to that which passes through the fire. Whilst con- 
ridering the slow penetration of heat, we may mention the 
desirable practice of lumping-up the malt upon the kiln whilst 
it is still hot When lying in bulk, there Is of course practically 
no draught through the grain at all, and the effect of this is 
very striking. The grain absorbs heat much faster, and a 
lower temperature under these conditions is more effective than 
a considerably higher one when the malt is spread out on the 
tiles. This is seen by the deepening of colour which takes 
place whilst the malt is lying in heap, although the temper¬ 
ature may have been allowed to drop some twenty degrees 
prior to lumping-up. 
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It has been mentioned that during germination not only 
is the liquefying function of diastase brought into existence, 
but that the total saccharifying power of the grain is greatly 
increased. Quite apart from all other considerations, the 
employment in brewing of the enormously diastatic green- 
malt would be fatal: for, as we shall subsequently see, malt, to 
yield sound beer, must not possess the diastatic capacity of 
green-malt, or anything approaching it Indeed much of the 
brewery trouble incident to the employment of defective malt 
is in no small number of cases due to the excessive diastatic 
capacity of the malt Now by kiln-drying we reduce the 
diastatic capacity; and it is indeed in great part on account 
of this diastatic reduction (and all it means) that so much 
importance attaches to the kiln-drying process. It has been 
said that the heat must not be applied while the grain is wet 
because diastase, being more sensitive to wet than to dry heat, 
would under these circumstances be unduly crippled. This is 
certainly the case. A certain amount of diastatic capacity is 
obviously necessary, and this would stand in danger of de¬ 
struction were the heat applied to the wet corn. But once dry, 
and other things being equal, the higher our kiln heats—i. e. 
the more the diastase is checked—the better for the soundness 
of the beer. A limit is placed upon our kiln heats by con¬ 
siderations of attenuation, flavour, brilliancy, and colour of 
beers; and even apart from colour we obtain a better flavoured 
pale ale by curing relatively lightly than by curing very 
thoroughly. But even in the case of pale ale malts, although 
curing is to be relatively light, yet it should be sufficient, and 
as a rule an exposure to a final heat of i8o° F. for some hours 
should be insisted upon ; for mild ale malts, the final tempera¬ 
ture should be not less than 200° F., and the malt should be 
exposed to that heat for some hours. 

But in addition to reducing the diastase, kilning produces 
other changes not less necessary. The excess of water 
is expelled, and the malt is fitted for relatively lengthy storage; 
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the plumule growth is arrested ; the development of the mould 
and other germs is checked, the malt is rendered friable, 
while it develops the pleasant empyreumatic taste so necessary 
for the production of well-flavoured beers. Beyond these 
changes, there is obviously some change in the nitrogenous 
matters. It is difficult to say exactly how curing affects these 
substances, what new compounds are produced, how they arc 
produced, and which of these are produced to the detriment or 
to the advantage of the brewer, but within reasonable limits 
the changes effected in this connection by a thorough curing 
seem to be desirable. 

The chemical valuation of malts, by analysis, is discussed 
in the last section of this chapter (p. 163). 

The Storage op Malt. 

It is a well-known fact that when malt is stored without 
due regard to the exclusion of moisture it absorbs water and 
becomes w slack,” as the brewer terms it Slack malt is a 
most unsatisfactory material, yielding thin, unstable and 
frequently fretting beers. It is difficult at first sight to see 
why this should be so, for the absorption of say 3 or 4 per 
cent of water fails to explain why these troubles should 
result We think, however, that the following facts may 
throw some light on the matter. We have found that as 
malt absorbs water, its diastatic capacity (as determined by 
Lintncr’s process) materially increases, and in many ex¬ 
periments on this point we have always found a considerable 
increase, such increase roughly varying in proportion to 
the duration of storage. Not only does the diastase increase! 
but the worts made under the same conditions from these 
malts show a dissimilar percentage of maltose and malto- 
dextrin. So far as we can see there is no reason to believe 
that an actual increase of the diastase takes place, and we are 
inclined to regard it as apparent rather than real We think, 
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in fact, that the diastase remains constant, but that the 
absorption of water by the malt leads to a softening of the 
tissues, and that when the malt is infused or mashed, it more 
readily yields the contained diastase than when dry. This 
would serve to explain both the apparent increase of diastase 
during slackening, and the lower amount of maltodextrin pro* 
duced under standard conditions. We have no reason to doubt 
that the complete extraction of diastase, which we have noticed 
in the laboratory from material of this kind, would not apply 
similarly in the brewery ; so that when mashing malt of this kind 
on the practical scale on ordinary lines, the worts would be 
poorer in normal maltodextrins and richer in free maltose and 
the lower maltodextrins than would similar malts which had not 
"slackened." That this alteration in the constitution of the 
wort would produce thinness, instability, and a tendency to 
frettiness, will be clear on referring to the later chapters of 
the work where these defects are fully treated of. 

In practice it is usual to re-dry slack malts, and by this 
process (which consists of kilning at about 160° for 24 hours) 
the diastase will be reduced and the moisture in the tissues 
reduced. The benefits thus attainable are clearly in unison 
with the explanation we have advanced. 

We think that we have observed an increase in the ready- 
formed sugars in slack malts. But we hesitate to say that 
such is the case since the analytical methods employed for 
their estimation were too crude to give absolutely reliable 
results. It is not impossible, however, that, in the presence 
of the absorbed water, the diastase might break down a 
portion of the starch as it does on the malting floors, and this 
would serve as the explanation for any increase in these 
substances. But we expressly wish to state that, until we 
have confirmed our suspicion by more accurate analysis, we 
do not in any way commit ourselves to this view. 
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THE CHEMICAL CONSTITUENTS OF BARLEY 
AND MALT. 

Having now discussed die anatomy and physiology of 
the barleycorn, and the conditions necessary for its conversion 
into malt, we pass on to the consideration of the constituents 
of the dry substance of barley, which amounts to about 85 per 
cent of the total weight 

These constituents may be divided into three classes.— 

L Non-nitrogenous organic compounds. 

II. Nitrogenous organic compounds. 

III. Mineral salts (ash). 

L The Non-Nitrogknovs Organic Compounds. 

The chief members of this group of compounds belong 
to the class of substances known as carbohydrates; these 
substances are made up of the three elements, carbon, hydro¬ 
gen, and oxygen, and the latter two always occur in the atomic 
proportion of 2: 1; that is to say, in the same ratio as they 
exist in water (H* O), hence the name carbohydrates. The 
members of this class which we have to consider are cellulose, 
starch, the sugars, and the gummy matters, including the 
amylans. In addition to the carbohydrates, the fats and the 
so-called extractive matters arc members of this group. 

Cellulose. 

Cellulose is very widely distributed in the vegetable king¬ 
dom, and occurs in many forms. There arc, however, only 
three forms which possess any interest for the brewer; these 
arc (1), the lignified cellulose of the palcae and other parts of 
the grain ; (2) the parenchymatous cellulose of the endosperm; 
and (3) the so-called starch-cellulose. 
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1. The lignified cellulose of the paleae plays no part in 
the germination of the grain, but remains unaltered even when 
the growth of the plantlet is pushed to its extreme limit It 
may be separated and purified, and is then obtained in the 
form of white shreds, that retain the shape of the scalariform 
vessels from which they are derived. This form of cellulose 
amounts to about 8 per cent of the grain. 

2. We have already referred at some length to the cellu¬ 
lose forming the cell-walls of the endosperm, and its dis¬ 
appearance during germination by the solvent action of an 
enzyme. This cellulose contributes to the food-supply of the 
young plant, and its complete dissolution is a matter of the 
utmost importance in malting. It is very much more readily 
soluble in all reagents than the lignified cellulose of the 
other parts of the grain. 

3. The third form of cellulose is the so-called starch- 
cellulose, which is generally supposed to envelop the starch- 
granules, and which is obtained when starch-paste is acted 
upon by malt-extract in the cold; * the starch is quickly 
liquefied and saccharified, and the cellulose remains as a 
flocculent precipitate, which can be separated by filtration 
and washed with cold water. When the starch-conversion is 
made at an elevated temperature, the so-called starch-cellulose 
does not separate out, but undergoes a conversion similar to 
that of the starch. 

Pure cellulose is a white, odourless and tasteless substance; 
it is insoluble in water, alcohol, ether, benzol, &c., but dissolves 
in ammonio-cupric hydroxide* from which solution it is repre¬ 
cipitated by the addition of acids. It is not coloured by iodine 
solution alone, but after treatment with strong sulphuric acid or 
zinc chloride (which hydrolyses it) it gives a blue colouration 
with iodine solution. Its formula is (C»H l0 O 6 )«. 

• See Brown and Heron, Jouro. Cbem. Soc., 1879, p. 612. 
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Starch and its Transformations. 

The most important constituent, for the brewer, of the dry 
substance of barley and malt is the starch, which in barley 
forms about 60-66 per cent of the total weight Starch is 
very widely distributed throughout the vegetable kingdom, 
and in the cereals and grasses especially it constitutes the bulk 
of the reserve material. Starch also is a substance of very 
considerable importance for many purposes, and the manufac¬ 
ture of starch in a state of more or less purity is an industry 
which has attained to very large dimensions. The chief 
sources of starch for manufacturing purposes are the potato, 
barley, wheat, maize, rice, and sago. 

When purified starches from different sources are examined 
under the microscope, it is seen that the granules vary much 
in shape and size, being in most cases distinctly characteristic 
of the source from which they are derived. Starch-granules 
are built up of distinctly stratified layers, and the growth 
proceeds from outwards by the successive deposition of layers 
of starch-substance. Of the starches above mentioned, the 
granules of potato-starch arc the largest and most characteristic; 
those of barley, wheat and rye are of nearly the same size and 
appearance, whilst those of maize and rice are very distinctive. 

Pure starch has the same percentage composition as 
cellulose, and its formula may be written (C,H I# 0,) n. The 
molecule is a very large one indeed, Brown and Morris having 
arrived at the conclusion that the molecule of soluble-starch 
(see p. 123) cannot be less than 200 times the group (C,H w O,). 

Starch-granules are commonly supposed to be made up of 
two substances —granulost and starck-cellulost. This division is 
that of C N&geli, who states that when intact starch-granules 
arc acted upon at a slightly elevated temperature (45-50° C.) 
by saliva, pepsin, dilute acids, or diastase, the former is dis¬ 
solved, leaving the latter as skeletons of the granules. Granu- 
lose is coloured an intense blue by iodine, and starch-cellulose 
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is stained yellow by the same reagent According to Brown 
and Heron starch-cellulose consists of a mixture of two 
substances, one readily acted upon by boiling water and 
converted into soluble-starch, the other unchanged by boiling 
with water; the latter is, however, converted into soluble-starch 
by boiling with potash. Starch-cellulose, the amylo-cellulose 
of some authors, has been much confused in the past with 
the amylodextrin of W. Nageli, which Brown and Morris 
have recently shown to belong to the series of amylolns 
(p. 130 - 

Starch is insoluble in all the ordinary solvents; when 
heated with water, the granules first of all swell up enormously, 
owing to the absorption of water, and finally the granules be¬ 
come ruptured and form the very viscid mass which is known 
as “ starch-paste.” The viscosity of starch-paste varies with 
the temperature, the higher the temperature the less viscid 
the paste. The temperature at which the starch has been 
dried before gelatinisation also influences the viscosity of the 
resulting paste; Brown and Heron showed that the viscosity 
of a paste prepared from starch dried at ioo°C. (212° F.) was 
nearly four times as great as that made by gelatinising starch 
dried at 30° C. (86° F.). 

Considerable differences of opinion have always existed as 
to whether granulose is or is not in a true state of solution in 
starch-paste. When a thin starch-paste is filtered, the filtrate 
is clear, and gives a deep blue colouration with iodine, but 
filtration of this liquid through a thin animal or vegetable 
membrane, or through porous earthenware, completely removes 
the starch; from this fact Maercker and others are of opinion 
that the granulose is not in a true state of solution, but only 
distributed through the water in a very finely divided condition. 
Brown and Heron incline to the opposite view, and from 
determinations of the specific gravity of starch in the form of 
starch-paste, and in the dry state, conclude that it is extremely 
probable that granulose exists in starch-paste in a state of true 



95 


Barley and Malt. 

solution. We are inclined to think, however, that when starch 
is gelatinised and boiled, the granulose is converted into 
soluble-starch, which goes into solution and gives the 
characteristic reactions. This substance being highly colloidal, 
like all colloids, will not pass through a membrane, or septum 
of earthenware. 

The different varieties of starch gelatinise at very different 
temperatures; the following table, recently published by 
Lintner,* gives the temperatures for the commoner starches.— 

D«f. C. D«*. V. 


Potato starch. 65 149 

Barley ,, 80 176 

Green-malt starch. 85 185 

Kilned-malt. 80 176 

Oat starch . 85 185 

Rye „ 80 176 

Wheat,, . 80 176 

Rice „ 80 176 

Maise „ . 7S «*7 


The gelatinisation of starch is a matter of very considerable 
practical importance, since the ready and complete conversion of 
starch by diastase depends upon the thoroughness with which 
it has been previously gelatinised, and thus brought into a con¬ 
dition suitable for the action of the soluble-ferment The above 
table gives the temperatures at which the various starches 
gelatinise in a pure state; when they are in a crude condition, 
and more or less enclosed in the cell-walls of the starch- 
containing cells, a much higher temperature is necessary 
to rupture the cell-walls and liberate the starch-granules, in 
order that they may be acted upon by water and heat 

Both starch-paste and soluble-starch are precipitated by 
tannic add-t Compounds are also formed with potassium, 
sodium, barium, calcium, copper, and lead hydroxides. The 
first two are soluble, and the remainder insoluble in water. The 
potassium compounds have a rotatory power considerably less 

• Bnacr mid Milter Kalender, 1889. 
t Gtltmimyrr, Der bayeritche Bierbnoer, 6 . 
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than that of starch, or soluble-starch; they are easily decom¬ 
posed by dilute acids or carbonic anhydride, yielding the 
original starch.* 

The characteristic reaction for starch in all its forms is the 
production of a deep-blue colouration with solution of iodine. 
Intact starch-granules are stained a deep-blue, whilst starch- 
paste and soluble-starch give a deep indigo-blue colouration. 
The delicacy of the reaction varies with the temperature, 
Fresenius stating that a solution containing TOvfarff part of 
iodine as potassium iodide will, when added to a thin starch- 
paste at o° C. (32° F.), produce a blue colouration in the 
presence of acid, but at higher temperatures (13°, 20°, and 
30° C.; 55 •4 0 , 68°, and 86° F.) larger quantities of iodine 
are necessary. Formerly the consensus of opinion was that 
this blue compound was not a chemical compound, but a 
mixture of iodine and starch, probably a solution of the 
former in the latter. Recently, however, Myliusf has shown 
that the blue compound is a hydriodide of starch with the 
formula (C M H M 0 M I) 4 HI. It is only formed in the presence 
of hydriodic acid, or an iodide; it forms compounds in which 
the hydrogen atom is replaced by metals. 

The blue colouration is discharged when the compound is 
heated, but it returns again on cooling, if the heat has not been 
applied for too long a time. For this reason it is always 
necessary to cool a wort before testing it for starch with solu¬ 
tion of iodine. It is also most important in testing worts for 
starch that the iodine should be added in excess, as the dextrin 
and maltodextrins form more or less colourless compounds 
with iodine, and the affinity of these compounds for the latter 
is much stronger than that of starch; therefore, supposing 
starch to be present, together with these other substances, no 
blue colouration will be produced until sufficient iodine has 
been added to saturate the whole of the dextrin and malto¬ 
dextrins. It may be mentioned here that the so-called erythro- 

t Bericbte, xx. t p. 688. 


• Brown §nd Heron, k. at. 
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dextrin (see p. 127), gives a red colouration with iodine, and 
the production of this colour always precedes that given by 
starch, when the two substances are present together. 

When starch is acted upon by dilute acids in the cold, it 
rapidly loses its power of gelatinisation, and is converted into 
soluble-starch. This change is effected without any alteration 
taking place in tire appearance of the starch-granules. If the 
action of the acid is allowed to proceed for some time, the 
granules gradually become disintegrated, a portion of their 
substance going into solution in the acid, and being found 
there as dextrose, whilst the insoluble residue consists of 
crude amylodextrin (see p. 129); during this change the 
iodine reaction of the residue changes from blue to reddish- 
brown. 

When starch is acted upon, however, at the boiling-point 
with dilute mineral acids, it is very quickly converted into 
dextrose, the change proceeding the more quickly the stronger 
the add. With very dilute acid, or by stopping the action 
at various stages, it is found that a series of intermediate 
products between starch and glucose may be obtained. At 
a very early stage soluble-starch is almost entirely present; 
later the products consist of maltose, dextrin, and a series of 
maltodextrins; later still dextrose makes its appearance and 
the conversion then rapidly contains this substance only. When 
a temperature much above ioo° C. (212° F.) is employed for 
the conversion, dextrose makes its appearance very early in 
the reaction, being formed apparently at the expense of the 
maltose, the amount of which, present at any one time, is 
reduced to a minimum. 

The most important point we have to consider in connec¬ 
tion with starch is the action of soluble-ferments upon it 
The most familiar and at the same time the most important 
soluble-ferment is the diastase contained in malt This, as is 
well known, has the power of converting starch into dextrin 
and maltose, a power which is shared by other soluble- 

11 
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ferments, namely, saliva (ptyaline), pepsin, the pancreatic juice, 
&c. 

Starch-granules from some sources, such as barley, arc 
soluble in malt-extract in the cold, yielding maltose; whilst 
other starches, such as potato-starch, are quite unacted upon 
by cold-water malt-extract until the granules have been broken 
up by trituration with powdered glass or some similar material. 
In this case the products which go into solution consist of 
maltose and dextrin, with varying amounts of an inactive 
substance which Brown and Heron consider to be starch- 
cellulose. 

Starch-granules from all sources, however, dissolve more 
or less in malt-extract at temperatures considerably below 
the gelatinisation point. The following table gives the results 
of a series of experiments recently made by C. L. Lintner* 
to determine the quantities dissolved at different tempera¬ 
tures. In each case the digestion was continued for four 
hours, although at the higher temperatures the action was 
generally complete in about twenty minutes :— 



50 PC. 

55 ° C. 

6aP C. 

6 J°C. 

Potato starch. 

per cent. 

013 

per cent. 

5 03 

per cent. 

5268 

per cent. 

90*34 

Rice „ . 

6*58 

9-68 

19*68 

31*14 

Barley . 

12-13 

53 ’ 3 ° 

9 *" 8 | 

96-34 

Grecn-mnlt starch. 

29*70 

58*56 

92-13 

96-36 

Kilned-malt „ . 

1307 

56-02 

91-70 

9363 

Wheat starch. 

— 

62*23 

91*08 

94-58 

Maize ,, . 

2-70 

— 

18*50 

5460 

Bye . 

25*20 

— 

3970 

94*50 

Oat „ . 

94O 

485 

92-50 

93 40 


When starch-paste is acted upon by diastase, either in the 
cold or at temperatures below jo° C. (158° F.), the viscosity of 

* Braucr and MiUzcr Kalcndar, 1890; and Wochenschrift fur Brauerei, 1890, 
p. 310. 
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the paste at once disappears; it becomes limpid, and alter a 
time acquires a sweet taste. Treated with iodine solution at 
intervals during this reaction, it is seen that the blue colour 
gives place to a violet colouration, which changes to a red, 
and finally iodine fails to give any colouration at all. It is thus 
evident that the diastase has effected an entire change in the 
starch-paste. The nature of this change has been the subject 
of much speculation and research, the results of which we 
must now briefly examine. 

In 1811, a French chemist named Vauquelin discovered 
that when starch is somewhat strongly heated it is converted 
into a substance which completely dissolves in water, and 
possesses many of the properties of gum arabic; a year later 
Vogel found that a similar gummy substance is formed by 
the action of a hot dilute acid upon starch. About the same 
time, Kirchofl* announced that starch when boiled with dilute 
sulphuric acid yields a crystalline sugar; and two years 
later, the same worker showed that when starch-paste is acted 
upon by the soluble albuminoids of grain, the same substance 
is produced. He also observed that the action of the 
albuminoids is much intensified by subjecting the grain to 
the malting process. 

The gummy substance referred to above was more fully 
described and examined by Biot and Persoz in 1833. These 
chemists found that the substance had the power of rotating 
a ray of polarised light strongly to the right, and hence 
they gave it the name of dextrin. Biot and Persoz regarded 
dextrin as consisting of the contents of the starch-granule 
freed from the outer cellulosic coating by the action of the 
add; and this view of the formation of dextrin caused Payen 
and Persoz to give the name diastase to the particular trans¬ 
forming agent present in ntalt-cxtracb The latter workers 
were the first to prepare a dextrin from starch by the action 
of diastase; they describe it as a substance soluble in cold 
water and in weak alcohol, and not coloured by iodine—the 

11 2 
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colourations which starch and some of the products of its 
transformation give with iodine being discovered in 1813 by 
Stromeyer. A year or two later, Payen showed that the 
rotatory power of this dextrin was equal to that of starch, 
and that its elementary composition was expressed by the 
formula C»H 1# 0 ». He also arrived at the conclusion that the 
dextrin formed by the action of dilute acid, diastase, and heat 
respectively, were simply physical modifications of the same 
substance. 

From these workers we pass to comparatively recent 
times, when Musculus, in i860, threw an entirely different 
light on the action of acids and diastase on starch. Until 
this time it had been universally supposed that the crystalline 
sugar, then supposed to be dextrose, was the product of the 
hydration of the dextrin; in other words, that the starch was 
first converted into dextrin, with which it was isomeric, and 
this dextrin was then converted into the sugar. Musculus now 
brought forward strong experimental evidence to show that 
this view was incorrect, and that the dextrin and sugar were 
produced simultaneously by the breaking up of the starch- 
molecule, accompanied by the fixation of water. This theory 
was strongly opposed by Payen and Schwarzer, but it has 
outlived opposition, and is the one which, with some modi¬ 
fications, is now universally held by all who have worked on 
the subject 

About this time, the question of the proportions in which 
dextrin and sugar were formed came under discussion, 
Musculus, in the paper above mentioned, asserting that when 
diastase acts upon starch at temperatures of 70° to 75° C., 
(158-167° F.) or when dilute sulphuric acid acts under 
certain conditions, one molecule of sugar and two molecules 
of dextrin arc formed, and that no further action takes place. 
Payen and Schwarzer, on the contrary, asserted that at least 
50 per cent of the transformation products consist of sugar, 
and the latter stated that the temperature at which the re- 
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action takes place exerts a great influence upon the ratio of 
the products. Schwarzer also strenuously opposed the theory 
of the simultaneous formation of dextrin and sugar, and con¬ 
sidered dextrin to be first formed and then sugar. 

The behaviour of the dextrin as regards optical power, 
cupric-reducing power, and colouration with iodine, was also 
the subject of much controversy, resulting, as we shall see 
later, from the view then entertained that but one dextrin 
was formed, and that the sugar consisted of dextrose. 

But it now began to be recognised among chemists who 
were occupied with the study of this question, that there were 
at least two dextrins produced by the action of diastase or 
acid upon starch, the one giving a reddish-brown colouration 
with iodine, and the other giving no colouration at all with 
this reagent. Griessmayer in 1871, described these two 
substances as dextrin (I.), and dextrin (II.) ; and in the follow¬ 
ing year O'Sullivan distinguished them as a- and ) 9 -dextrin. 
They are now more generally referred to as erythrodextrin 
and achroodcxtrin, terms expressive of their behaviour with 
iodine solution, and first proposed by Briicke. 

The recognition of these different dextrins, and the re¬ 
discovery of maltose by O'Sullivan in 1872,* explained much 
that was formerly obscure in the work of earlier investigators, 
and prepared the way for a critical examination of the question 
at issue. 

In this paper O’Sullivan gave the results of the examination 
of the dextrins prepared by the action of diastase and of acid 
upon starch. These results led him to the conclusion that 
the dextrins from both sources have the same specific rotatory 
power, and an elementary composition indicated by the 
formula C i H l0 O 5 . Although he never succeeded in obtaining 
any of the dextrins absolutely free from a reducing action on 
Fehling’s solution, yet he brings forward good evidence to 
prove that in a state of complete purity they would be with- 
* Journal of the Chemical Society, x. (1872), p. 579. 
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out any cupric-reducing power. The experiments led him 
to the conclusion that the three substances— 

Soluble-starch, coloured blue by iodine; 
a-dextrin, coloured reddish-brown by iodine; and 
/ 9 -dextrin, not coloured by iodine, 

have each a specific rotatory power of [a] j = + 213® and are 
therefore alike in their action on polarised light * 

* In describing these and other researches we shall have frequently to employ 
three expressions which require some explanation (see also chapter on the 
Analysis of Malt and Worts, p. 452). The three expressions are:— 

(1) The solid matter per 100 cc. ; 

(2) The cupric-oxide reducing power; and 

(3) The specific rotatory power. 

Solid Matter ptr 100 c.e. —In all quantitative work it is, of course, absolutely 
necessary that we should know, or have some means of knowing, the exact 
amount of any substance which we may have in solution. This knowledge is 
usually obtained by evai>orating a given volume of the solution, and carefully 
drying and weighing the residue. In working with the carbohydrates, this 
method is, however, attended with so much difficulty, and is also so unreliable, 
that it became necessary to adopt some other means of making this determination. 
It was evident that if the carbohydrates were prepared in a pure state, and the 
specific gravity of solutions of different known strengths carefully determined, it 
would then be possible to deduce from the specific gravity the strength of any 
solution of the carbohydrate. For instance, in the paper mentioned above, 
O'Sullivan states that a solution containing 10 grams of either pure maltose or 
pure dextrin in 100 c.c. of solution has a specific gravity of 1038*5, water being 
taken as 1000; and a solution of I gram in 100 c.c., a specific gravity 1003*85 ; 
and solutions containing intermediate quantities have proportionally intermediate 
gravities. Hence the number of grams of solid in 100 c.c. of a solution can be 
found by dividing the specific gravity, less 1000, by 3*85. Thus a solution with 
a specific gravity of 1060*0 would contain 15*584 grams of solid matter on the 
3*85 divisor, for— 

1060 — 1000 

~W~ = ‘S' 8 * 

This divisor is used by O’Sullivan throughout the paper mentioned above. In 
1879, Brown and Heron pointed out that the divisors for dextrin and maltose were 
higher than this, and we may conclude that O’Sullivan has found this statement 
to be correct, since in his paper on the estimation of starch in cereals, published in 
1884, he gives the solution constant or divisor for the starch products as 3*95. 

The divisor which is more generally used is, however, neither of these, but the 
one proposed by Brown and 11 cron f—namely, 3*86. This number is admittedly 
not correct for the starch-transformation products, it licing the constant for a 

f Journal of the Chemical Society, 1879, p. 605. 
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O’Sullivan also shows that under the influence of malt- 
extract (diastase), the reducing power of a solution of dextrin 
slowly increases, and becomes constant when the cupric- 


solution of cane-sugar of the specific gravity of 1050*0; but it is extremely 
convenient that all cupric-oxide reducing powers and specific rotatory powers 
should be referred to one constant and unvarying divisor for the determination of 
the solid matter, and it is usual to append this number to the symbols denoting 
the above factors, thus k,. n and [a]j a . M . In order to convert numbers cal¬ 
culated on this divisor into absolute values, it is only necessary to increase or 
diminish the numbers in the proportion of 3 • 86 to the absolute divisor. So long 
os the same solution-constant is used, the values of [a]j and a always bear a 
constant relation to each other, and the percentages of substance calculated from 
these values also always bear the same ratio to each other; the factors for the 
different carbohydrates can also be always compared inter se; it is thus far 
preferable in work of this nature to adopt one divisor to which all cupric-reducing 
and specific rotatory powers can be referred, than to use a different divisor for 
each carbohydrate. 

The cupric-oxide reducing power , or, as it is now more usually termed, the 
cupric-reducing power of a substance, is defined by O'Sullivan to be the amount 
of cupric oxide, calculated as dextrose, which 100 parts reduce. Dextrose was 
taken as the standard of comparison, since it is the type of the reducing sugars, 
and it was also the first substance for which the amount of cupric oxide reduced 
by a known weight of the sugar was determined. The weight of cupric oxide 
reduced by 1 gram of dextrose being known, the amount of cupric oxide reduced 
by one gram of any substance, calculated upon the number for dextrose as a 
percentage, will give the cupric-reducing power of the su 1 >stancc. This value is 
denoted by O'Sullivan by the symbol K,* and by Brown and Heron by the 
symbol *.f 

In his 1876 paper, O’Sullivan gives 65 as the cupric-reducing power of 
maltose (calculated on the 3*85 divisor); but in 1879 Brown and Heron pointed 
out that this number was too high, and gave the value of it a . M as 61*0. In 
1884, in the paper mentioned above, O'Sullivan gives the value of K (calculated 
on the 3*95 divisor) as 62*5, a number which when converted to the 3*86 
divisor, gives 61 *07—almost exactly the same as that determined by Brown and 
Heron. 

The specific rotatory power of any substance is the angle through which a ray of 
plain polarised light of definite refrangibility is deflected on passing through a 
layer of the solution of the substance 1000 mm, in thickness, and containing 10 
grams of substance per 100 c.c. of solution. There are several instruments 
employed for measuring this angle, but they may be divided into two classes— 
namely, those with which the neutral tint, corresponding with the medium 
ydlow ray of the solar spectrum, is employed, and of which the Soleil-Vcntxke- 
SchciUcr is the best type; ami those with which the light emitted by incandescent 


* Journal of the Chemical Society, 1879, P* 775 - 
t >» 11 »» »» | ® 79 » P* 606. 
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reducing power equals 66 per cent of dextrose calculated 
on the dextrin employed, whilst at the same time the optical 
activity decreases, until the matter in solution has [a]j = 
+ i $o°. Following this up, O'Sullivan proved that the sugar 
which was formed by the action of diastase on starch is not 
as was generally supposed, dextrose, but a sugar isomeric 
with cane-sugar and milk-sugar, and having a considerably 
higher optical activity than dextrose, and a much less cupric- 
reducing power. 

Strange to say, this sugar had been isolated as far back as 
1819 by De Saussure, who correctly described its crystalline 
habit; and in 1847 it was again prepared by Dubrunfaut 
who recognised it as a distinct sugar, and stated that its 
optical activity was three times that of dextrose. He named 
it “ maltose ”; but his discovery passed without notice at the 
time, and appears to have been completely forgotten, until 
O’Sullivan rediscovered the sugar in 1872, and recognised it 


sodium vapour is used, and which is represented by the Laurent instruments. 
With the former class of instrument the specific rotatory power is denoted by the 
symbol [a] j, whilst the expression [a] D represents the latter. In this determina¬ 
tion also it is necessary to use the solution-constant in calculating the values for 
the carbohydrates, and, as with the cupric-reducing power, the employment of 
different divisors has resulted in apparent discrepancies in the values given by 
various observers. Much confusion is also caused in this case by the neglect of 
some workers to specify the nature of the ray employed by them, and the conse¬ 
quent inability of subsequent observers to ascertain whether the readings given 
are for [a]j, or for [a]i>, which for the carbohydrates stand in the ratio of 
approximately 24 to 21 * 54. 

An example of the apparent discrepancies alluded to is afforded by the 
numbers given for the transformation products of starch. O'Sullivan in his 
earlier papers gives the values for maltose and dextrin as [a]j 150° and 214° 
respectively ; these numbers are based on the 3*85 divisor; in his later papers, 
where he uses the 3*95 divisor we get maltose = [«]j i$4°*o, and dextrin = 
[a]j 222 0 *o; whilst Brown and Heron give, for the 3*86 divisor, the values 
midtose 150^*0, and dextrin 216°*a When the numbers of O’Sullivan are 
calculated on the last-mentioned divisor we get almost identical figures to those of 
Brown and Heron, thus 

Maltose. Dextrin. 

[a]j t m (observed) .. .. 150^*0 ai6°*o Brown and Heron. 

Wjrw (calculated) .. .. I50°*5 2i6°*9 O'Sullivan. 



Barley and Malt. 


105 


as the end product of the action of malt-extract upon starch- 
paste. He followed Dubrunfaut in giving the name maltose 
to this sugar. 

Some three years after O’Sullivan had satisfactorily 
demonstrated the existence and properties of maltose, Bon¬ 
donneau, described three dextrins, which he styles «-, /?-, and 
7-dextrin respectively. Throughout the paper he considers 
the sugar formed to be dextrose, and he endeavours to show 
that the theory of Musculus is correct; and that by the 
action of diastase or acid upon starch, two dextrins are formed 
successively, the one—o-dextrin—being coloured red by iodine, 
the other—/8-dextrin—not coloured by iodine. After the 
precipitation of these dextrins by alcohol, the solution, 
according to Bondonneau, contains dextrose, together with 
from 24*6 to 29*8 per cent of a non-reducing body, which he 
names 7-dextrin, and which he considers to have a specific 
rotatory power of [«*] D = 164°. He states that both a- and 
/ 3 -dextrin are attacked by diastase, but the former much 
more readily than the latter. 

There can be no doubt, from its behaviour with yeast and 
other reagents, that the 7-dextrin of Bondonneau is compara¬ 
tively pure maltose, and when we remember that he imagined 
the cupric-reducing substance to be dextrose, it was natural 
that he should suspect the presence of another body with a 
higher optical activity than dextrose, but with no reducing 
power. This is the view taken by O’Sullivan in a second 
paper on maltose,* in which he gives the results of a more 
complete examination of this sugar, and confirms the ana¬ 
lytical values given in the former paper. 

The properties of dextrin and maltose having been thus 
definitely established, and these two substances having been 
shown to be the only products obtained by the action of 
diastase upon starch-paste under ordinary conditions, workers 
turned their attention to the influence of temperature, time, 

* Joorn. Chem. Society, L (4 1876, p. 479. 
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and concentration upon the reaction by which these substances 
are produced. 

The first experiments in this direction were those of 
O’Sullivan, who divided the action of malt-extract on starch- 
paste at elevated temperatures into three stages—namely, at 
temperatures below 63° C. (145° F.), at temperatures between 
64-70° C. (147-158° F.), and at temperatures between 70° C. 
(158° F.), and the point at which the activity of diastase 
is destroyed, viz. 76° C. (169° F.); at each of these stages a 
very different proportion of maltose and dextrin is obtained.* 

The three stages are thus formulated— 

A. When starch is dissolved by malt-extract at any tem¬ 
perature below 63° C. (145° F.), if the solution be immediately 
(5 to 10 minutes) cooled and filtered, the product invariably 
contains maltose and dextrin in proportions agreeing closely 
with 67*85 per cent of the former, and 32*15 j>cr cent, of the 
latter, the cupric-oxide reducing power being equal to 44*1, 
and the specific rotatory power [a] Js . w = 170*6. 

Under these conditions O’Sullivan considers that a definite 
reaction takes place, which is represented by the equation— 

(A.) C n H )M 0 M + = 4C|,H m O„ + C h H m O n 

Starch-f Maltose. 0 -dextrin HI.,' 

which corresponds to maltose 67*85 per cent and dextrin 
32*15 per cent He states that if the malt-extract is not in 
considerable excess very little change takes place in the pro¬ 
portions, even if the solution is retained for four or five hours 
at the temperature at which the decomposition was made; but 
if the malt-extract is in excess, or contains more acid than 
usual, the maltose is found to increase at the expense of the 
dextrin, and to undergo a slight hydration itself. It was also 
invariably found that, in the conversions conducted under these 
conditions, the rotatory power calculated from the cupric- 

• Joum. Cheat. Society, ii. [»], 1876, pp. 125-144. 

t This U the formula of the starch molecule adopted by O'Sullivan (Joum. 
Chem. Soc. 1879, p. 770). 



107 


Barley and Mali. 

oxide reducing power was greater than that observed. This, 
O’Sullivan concludes, is due to the slow and gradual conversion 
of the maltose into dextrose.* 

B. When starch is dissolved by malt-extract at any tern* 
perature between 64° and 68-70° C. (147-158° F.), if the solu¬ 
tion be immediately cooled and filtered, the product invari¬ 
ably contains maltose and dextrin in proportions agreeing 
closely with 34*54 percent of the former and 65*46 per cent 
of the latter; the cupric-oxide reducing power being equal to 
22*4 and the specific rotatory [a] ]Mt 191*8°. 

This change is expressed by the equation— 

(B.) Cr,H )M 0 «« + *H ,0 — lC„H M O n + C.II..O,, 

Starch Maltoae 0-dextrin L, 

which requires maltose 34*54 per cent and dextrin 65*46 
per cent Here, again, O’Sullivan states that prolonged 
digestion, with an excess of malt-extract, results in the con¬ 
version of a portion of the maltose into dextrose. The third 
stage is— 

C. When starch is dissolved by malt-extract at tempera¬ 
tures from 68-70° C. (147-158° F.) to the point at which the 
activity of the transforming agent is destroyed, if the solution 
be cooled and filtered at the end of five to ten minutes, the 
product contains maltose and dextrin in proportions agreeing 
closely with 17*4 per cent of the former and 82*6 per cent 
of the latter, the specific rotatory power of the mixture 
being [a] r ■ 202*8° and the cupric-oxidc reducing power 
equal to 11*3. 

These numbers are required by the equation— 

(C.) + H t O — C n H a O„ + C w H, m O m . 

Starch. Maltoae. n-dextrin. 

* There ia no doubt that maltoae is never hydrated into dextrose, however 
attendant the diastase and however favourable the cooditfoos of conversion. The 
resalts upon which O'Sullivan based this view were doabUess attributable to the 
chances which lake place in the constituents of malt-extract daring digestion. 
These changes were first pointed out by Brown and Heron, who showed the 
necessity in all transformations of digesting the malt-extract side by side with the 
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To these three equations O’Sullivan added a fourth in the 
paper published in 1879.* This he calls the B' equation. It 
occupies a position between the A and B equations, and is 
expressed thus— 

(B'.) + 3^fO s 3 ^iiBsiOii + 

Starch Maltose / 3 -dextrin ii.; 

but we are not told at what temperature the conversion takes 
place according to this equation. 

The dcxtrins corresponding to the four equations were 
isolated in a more or less pure state by repeated precipitations 
with alcohol ; they are distinguished as— 

a-dextrin, coloured brownish-red by iodine. 

0-dextrin i. j 

0-dextrin ii. I not coloured by iodine. 

0-dextrin iii. J 

All four have a specific rotatory power of [a] J3 . M = 222°, anil 
in the pure state are quite free from reducing power. 

Shortly before the publication of O’Sullivan’s second paper, 
Musculus and Gruber published the results of certain 
researches on the influence of temperature on the action of 
diastase upon starch; they prepared three so-called achroo- 
dextrins, with the following optical and reducing properties:— 

Achroodextrin I. [a] 210° Reducing power, 12. 

» II. [«] 199 0 12. 

„ III. [«] 19* 0 it 

When these dextrins were isolated, and acted upon with 
fresh diastase, their properties were modified as follows:— 

Achroodextrin L [a] 159° Reducing power, 36. 

„ IL [.] 168“ „ o. 

„ III. Unchanged. 

In order to explain these results, they brought forward a 
theory according to which starch is a polysaccharide with the 
formula »(C u H u Oi.), and undergoes, under the influence of 
diastase and acids, successive hydrations and decompositions. 

* Journ. Chem. Soc., 1879, p. 770. 
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A most important contribution to the study of this 
question was made by Brown and Heron, in 1879*, who very 
completely examined the influence of time and temperature 
on starch conversions. 

In order to investigate the action of malt-extract upon 
starch-paste at elevated temperatures, Brown and Heron found 
it necessary to arrest, in a portion of the liquid, any further 
transformation at any desired point of the reaction. For this 
purpose they employed a small quantity of salicylic acid, 0*05 
gram of acid per 100 cx. being found sufficient to completely 
arrest all actioa Having found this means of stopping the 
action of malt-extract, they were able, by withdrawing portions 
of the transformation at stated intervals, and analysing them, 
to express the progress of the reaction in a graphic form by 
means of a curve. 

The previous treatment of the malt-extract was found to 
have a most important influence on the nature of the resulting 
transformation, provided the treatment had been at the same 
or a higher temperature than that at which the transformation 
was made. Thus, when the results were expressed graphically, 
the transformations conducted at 6o° (140° F.)and66°(l5i° F.), 
with malt-extract heated respectively to these temperatures, 
were represented by two totally distinct forms of curve ; but 
when transformations were made at 6o° (140° F.) and 66° 
(i$i° F.), with malt-extract previously heated to 66° (151° F.), 
both curves were found to be identical, and to correspond to 
that of the higher temperature. This holds good for all 
temperatures above 50° C. (122° F.). 

Brown and Heron found that conversions made at 40° C 
(104° F.) and 50° C. (122° F.), yield a product closely approxi¬ 
mating to 81*3 per cent of maltose, and 18*7 per cent of 
dextrin. This mixture requires— 

«rw ■ 49'7 

* Joarn. Chon. Soe., 1879, pp. 596-655. 
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this composition remaining unaltered for some time even if a 
further quantity of malt-extract were added. 

The same final numbers were obtained in transformations 
conducted at 6o° C. (140° F.) It will be remembered that, 
according to O’Sullivan, the conversion at these temperatures 
should take place according to equation A—L e., the mixed 
products should have values of [a]j = I70°.6 and * = 44*1. 
Brown and Heron were, however, unable to obtain any indi¬ 
cations of a stoppage of the reactions at this point, and 
they conclude that the normal transformation of starch-paste 
at 6o° (140° F.) and at all lower temperatures is that given 
above, and is a close approximation to the reaction represented 
by the equation— 

loC„H„ 0 „ 4* 8 H ,0 = 8C, t H n O„ + 4^i^i*^r 

in other words, the transformation products at 6o° C. (140° F.) 
and below consist of four-fifths maltose, and one fifth dextrin. 
When the transformation has reached this point, it is not 
appreciably altered either by the addition of further quantities 
of malt-extract or by continued digestion for some hours, the 
former being a proof that the cessation of the action is not due 
to a weakening of the diastatic power of the malt-extract 
That the cessation was not due to the converting agent being 
paralysed by the excess of maltose produced, was shown by 
the fact that at the end of such a conversion the liquid was 
able to reduce to its lowest terms a further quantity of starch. 
The facts were established by a large number of experiments, 
and the fixed and constant character of the reaction is of the 
utmost importance in the later developments of the theory of 
the transformation of starch. 

Under favourable conditions the conversion rapidly runs 
down to this point, and when once reached the further 
formation of maltose is exceedingly slow, even after the 
addition of successive quantities of malt-extract The 
following experiment illustrates the progress of the conversion 
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considered as a function of the time. 5 grams of starch were 
gelatinised in 100 cc. of water and 10 cc. of malt-extract, 
previously heated to 6o° C. (140° F.), were added; the tem¬ 
perature of the conversion was 6o° C. (140° F.) 


Time. 

Mi 

Kill 

Iodine reaction. 

1 minute. 

191-7° 

_ 

Pure blue 

2} minutes 

175-6 

— 

Brown 

5 »f •• •• 

166-8 

— 

Very light brown 

15 «t •• •• 

165-7 

— 

None 

30 tt •• •• 

163-7 

— 

tt 

60 1, .. •• 

162*9 

496 



More malt-extract added at rate of 4*5 cc. per 100 cc. 


90 minutes .. .. | 161*3° | — | 

More malt-extract at rate of 4*2 cc. per 100 cc 
120minutes .. .. I i6o*i° I 52*0 I 


At temperatures above 6o° C. (140° F.), Brown and Heron 
found that the transformation was more or less restricted, 
but generally speaking they were unable to confirm 
O’Sullivan’s equations for the transformation of starch at 
these temperatures. They considered that their experiments 
substantiated the existence of at least four well-defined 
molecular transformations of starch, of which the one de¬ 
scribed above is the best defined. The next fixed point is 
the disappearance of the iodine reaction for erythrodextrin 
when the conversion is made with malt-extract heated to 66° 
(151° F.) This takes place when the value for [a] J3 . M is 
188- S, and for * S 88 25^0 or thereabouts, and is very constant 
with varying quantities of malt-cxtract. The next strongly- 
marked reaction is that obtained with malt-extract heated 
to 75 0 , and also with malt-extract heated to 66°, and rendered 
alkaline with sodium carbonate ; the numbers obtained being 
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[ajj »m 195-196,° and K rm 18*9. The highest stable transfor¬ 
mation is obtained by the action of malt-extract heated to 
66° (151 0 F.), and made very slightly alkaline with soda, the 
same reaction being also marked in all transformations above 
66 s (151 0 F.) by the appearance of the maximum iodine 
colouration for erythrodextrin. The numbers for this trans¬ 
formation, [a] j S . M 202-203°, and K rm 12*7, are very nearly 
those of O’Sullivan’s equation C, the dextrin being, however, 
an erythrodextrin, and not an achroodcxtrin, as described by 
O’Sullivan. 

It was also found that when higher conversions are acted 
upon by unheated malt-extract below 6o° (140° F.), they are 
at once converted into the lower form, and are not further 
altered on continued digestion; thus a conversion which had— 

Mj i-m ..i8y8 

>im . 289 

was converted in two minutes by 5 ex. of malt-extract into— 

M) I'M . l62*6 

««. 49*3 

which corresponds to a percentage composition of— 

Mallow . 80*8 

Dextrin . 19*2 

100*0 

From the above, and other considerations, Brown and 
Heron concluded “ that the dextrins are not metameric but 
polymeric bodies; those corresponding to transformations of 
high optical activity being of greater molecular complexity 
than those yielded by transformations of lower optical activity, 
the latter being produced from the former by a partial act of 
hydration with consequent elimination of maltose.” 

Their experiments led Brown and Heron to adopt the 
formula ioCi S H m O| 0 for soluble-starch. The first action of 
the transforming agent upon this complex and unstable 
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molecule was assumed to result in the removal by hydration 
of one of the groups CuH M Oit, thus producing maltose, whilst 
the remaining nine groups of C„H m Oi 0 constituted the first 
dextrin of the series, erythrodextrin a. This action was sup¬ 
posed to continue; at each step a further C u H m Oi« group 
being split off and hydrated to maltose, whilst the remaining 
CiiH m O m groups formed a lower dextrin. On these lines 
Brown and Heron drew out a table for the nine theoretical 
transformations, with the values of [a]j and k for each, as 
follows:— 


No. of transformation. 

W 1 3 -»« 

* 3*86 

Resulting dextrin. 

Soluble starch 

De*. 

216*0 

O 


(1) . 

209*0 

6*4 

Erythrodextrin a 

(a) . 

202*0 

12*7 

n 0 

( 3 ) . 

195*4 

18*9 

Achroodextrin a 

( 4 ) . 

188*7 

25*2 

„ 0 

(S) . 

182*1 

31*3 

» y 

(6) . 

175-6 

37*3 

„ * 

( 7 ) . 

169-0 

43*3 

, v « 

(*) . 

|62'6 

49*3 

„ c 

( 9 ) . 

156-3 

55 -* 

»» 

Mallow .. .. 

I $o*o 

6i*o 

— 


Of these the most stable is No. 8, alluded to above, and 
which is often spoken of in the literature of the subject as 
the " No. 8 equation.” This transformation assumes a most 
important place in latfer work, which entered upon a new 
phase with the recognition of maltodextrin and the part it 
plays in starch transformations. 

The following table indicates in a graphic form the 
conversion of starch-paste by malt-extract under various 
conditions. The malt-extract in the first case is unheated; 
in the others, it has been heated to different temperatures 
previous to the conversions being made. It will be noted 

1 
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firstly, that the maximum conversion takes place almost 
entirely within the first five minutes, after which, it becomes 


Fig. 2. 

Tabu showing Average Curves for Starch Transformations 
under Different Conditions. 



A, transformations with unheated malt-extract at 40-50P C. (104-122° F.) 

B, transformations with malt-extract heated to 6o° C. (140° F.) 

C, transformations with malt-extract heated to 66° C. (151 0 F.) 

D, transformations with malt-extract heated to 75° C. (167° F.)» and also 
with malt-extract heated to 66° C. (151 0 F.), and rendered slightly alkaline with 
sodium carbonate. 

E, transformations with malt-extract heated to 66° C. (i$i° F.), and rendered 
slightly alkaline with caustic soda. 


gradual; and secondly, that the higher the temperature to 
which the malt-extract has been heated prior to conversion, 
the less sudden is the fall of angle at first, and the less 
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complete the total conversion ; in other words, the conversion 
stops at a much higher point 

The curve C is the most interesting from our standpoint, 
as it relates to a limit of temperature near which actual 
brewing operations are performed. It is true that at this 
temperature the conversion is not so sudden as it is in the 
case of conversions at other temperatures, but even here, it is 
nearly complete in 30 minutes, the hydration after that time 
being only gradual 

We may here digress for a moment, to draw attention to 
another set of curves, deduced, not from the conversion of 
starch-paste by malt-extract, but from the conversion with 
malt itself. In one case, the malt was mashed in the laboratory 
at 66° C. (151° F.), in the other, it was mashed in the brewery 
at the same temperature. The same quantity of water was 
used in each case, and polariscopic readings were taken every 
fifteen minutes up to two hours.* 

It will be noticed that the curves are very similar to each 
other, and also to the curve expressing the conversion of a 
starch-paste at the same temperature. The drop of angle 
during the first 30 minutes, is also very marked. 

In 1879, Herzfeld presented, at the University of Halle, 
his inaugural dissertation on “ Maltodextrin.” t In this he 
adopts the view of Musculus and Gruber, that the transforma¬ 
tion of starch by diastase is not a splitting up of the molecule 
of the former, but is the result of the gradual degradation of 
the starch through the stages of soluble-starch, erythrodextrin 
achroodextrin, maltodextrin, and maltose. To the first three 
and the last of these Herzfeld ascribed the properties with 
which we are now familiar, whilst maltodextrin, which he 
regards as being intermediate between achroodextrin and 
maltose, is described as being a substance soluble in dilute 
alcohol, but insoluble in alcohol of 90 per cent, and completely 

• Heron, Joorn. Soc. Chem. Industry, 1888, p. 368. 

t 44 Ueber Maltodextrin" (Halle, 1879) » *** also Berlin Berichte, 1879, a 12a 



Fig. 3 .—Table showing Curves for Starch Transformations during Mashing. 
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L. m as h in laboratory. B, mash in brewery. Time, two hours. Water, two barrels per quarter of malt 
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fermentable by yeast \ it is said to have an optical activity of 
[a]ji7i *6°, and a cupric-reducing power of 23*5. 

After the year 1879, nothing of any moment was published 
until 1885, when Brown and Morris read a paper before the 
Chemical Society,* which was virtually a continuation of the 
paper by Brown and Heron referred to above. 

In this communication Brown and Morris first show that 
the law that the products of the transformation of starch-paste 
by malt-extract at temperatures above 40° C. (104° F.) can be 
expressed in the terms of a mixture of maltose and non¬ 
reducing dextrin applies not only to the conversion as a whole, 
but also to all the different portions of the conversion when 
fractionally precipitated by alcohol. The authors adopt this 
law as a criterion of purity for the products of the action of 
malt-extract or diastase upon starch, and in any cases in 
which the work of other observers does not conform to this 
rule, they ascribe the discrepancy either to the presence of 
impurities or to errors in analysis. 

Wc have already fully shown that the tendency of all 
transformations carried on with mall-extract between 40° 
(104° F.) and 6o° C. (140° F.) is speedily to attain a point 
of equilibrium beyond which further progress is relatively 
very slow. 

All transformations of starch which show a higher per¬ 
centage of dextrin and a lower percentage of maltose than 
this, arc at once brought down to this point by treatment with 
a little fresh malt-extract at 50° C (122* F.) Now we know 
that maltose is not acted on by this treatment, therefore 
Brown and Morris say the cause of the change must be looked 
for in the degradation of the dextrin, and it is most im¬ 
portant to ascertain if die dextrin would behave in a similar 
manner and be affected to the same extent when isolated, for 
if this should be the case it ought then to be possible to 
determine the position which any dextrin may occupy in the 

* Jeer*. Cbem. Soc., 1885, pp. 5 * 7 - 570 . 
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polymeric series by determining the amount of degradation it 
undergoes with malt-extract at 50-60° C (122-140° F.) 

In the first place the authors proved by careful quantita¬ 
tive experiments that the dextrins during the ordinary pro¬ 
cesses of separation and purification by means of precipitation 
with alcohol, evaporation, &c., underwent no hydrolysis. They 
then showed that when the products of a starch-transformation 
are fractionated with alcohol, the mean maximum hydrolysing 
effect of malt-extract, acting separately on the portions soluble 
and insoluble in alcohol, is the same as the maximum hydro¬ 
lytic action exercised under similar conditions on the original 
transformation-products. 

Having proved that the action of malt-extract at 50-60° 
C. (122-140° F.) on the mixed products of transformation 
always brings the dextrin down to a given point, and that 
the total action is not altered by previously separating the 
starch-products by alcohol, Brown and Morris consider that 
there exists here a valuable means of differentiating the dex¬ 
trins, of testing their homogeneity, and of ascertaining the 
position they occupy in the polymeric series. Subsequent 
research on these lines, with different conversions, satisfied 
the authors that, with the exception of the No. 8 equation, 
no conversion yielded a homogeneous dextrin—that is to 
say, that although a conversion made under suitable con¬ 
ditions of temperature might give a product the analytical 
numbers of which would closely correspond to one of the 
equations described by O’Sullivan or by Brown and Heron, 
yet the dextrin of this conversion would never be homogeneous 
but would consist of those corresponding to both higher and 
lower equations. 

In the above and many other experiments, Brown and 
Morris were confronted with certain curious and anomalous 
facts which were without any adequate explanation. In the 
first place, it was invariably noticed in high-angled conversions, 
that although the erythrodextrins are undoubtedly highest in 
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the series and the least soluble in alcohol, yet it is the dextrins 
which are soluble in the strongest alcohol which yield the 
largest amount of maltose on degradation with malt-extract; 
then again, it is extremely difficult to crystallise maltose from 
the products of a conversion higher than the No. 8, and it is 
equally difficult to ferment the whole of the maltose from a 
similar conversion ; thus it is easy to prepare solutions from 
the higher conversions which, judging from their cupric- 
reducing power, appear to contain from 30-40 per cent of 
maltose among the solid products, and yet are perfectly unfer- 
mentable with ordinary yeast. But, on the other hand, if the 
conversion is run down to the No. 8 limit, the whole of the 
maltose within I per cent, or even less, can be easily fer¬ 
mented. The accumulation of evidence on these and other 
points led Brown and Morris to the conclusion that there 
existed in high-angled conversions, in addition to maltose and 
dextrin, a third substance, which possessed an optical activity 
and cupric-reducing power corresponding to a mixture of 
maltose and dextrin, but which was not decomposed by treat¬ 
ment with ordinary solvents, was not fermentable under 
ordinary conditions, and was readily and entirely converted 
into crystallisable and fermentable maltose by the action of 
malt-extract For this substance they adopted Herzfeld’s 
name of maltodextrin (see p. 130), although it will be seen that 
the properties of the substance, as described by Brown and 
Morris, are in some points directly opposite to those described 
by Herzfeid; and the former workers assign to it an entirely 
different position among the starch transformation products to 
that given by Herzfeid. 

The authors rely upon the following facts to prove that 
maltodextrin is not a mixture of maltose and dextrin :— 

(a) A Mixture of maltose and dextrin prepared so as to 
have the same optical activity and reducing power 
as maltodextrin, is separable into its constituents 
by a single judicious treatment with alcohoL 



120 A Text-Book of the Science of Brewing. 

Maltodextrin is not separable into maltose and dextrin 
by any possible treatment with alcohol, but is 
dissolved and precipitated as a homogeneous 
substance. 

(Jf) From a mixture of maltose and dextrin it is possible, 
by means of the S. cerevisia of the “ high fermenta¬ 
tion,” to ferment the maltose, leaving the dextrin 
untouched. 

Maltodextrin treated in a similar manner is entirety 
unfermentable. 

(c) When a mixture of maltose and dextrin is submitted 
to the action of malt-extract at 50-60° C. (122- 
140° F.) a residue of No. 8 dextrin is always left, 
the amount being greater the lower in the series 
the dextrin of the mixture is. 

Maltodextrin when acted on by malt-extract under 
similar conditions, is entirely convered into maltose, 
its amylin or dextrin constituent leaving no re¬ 
sidual dextrin. 

Whilst maltodextrin is unfermentable by yeast ( 5 . cerevisia 
of the high fermentation), it is converted into fermentable, 
crystallisable maltose by malt-extract, or by the slow action 
of certain forms of Saccharomyces (notably Saech. ellipsoideus 
and Pastorianus), which accompany the secondary fermenta¬ 
tion.* 


• This statement has been the subject of much advene criticism and misunder¬ 
standing ; the principal objection being that the yeasts employed were not pure 
cultures, and therefore that the experiments are valueless. It must be remembered 
that at the time the experiments were made, the methods of pure cultivation 
were in their infancy, and the investigations of Hansen on the species and races 
of yeast were but little known outside Copenhagen, and therefore when Brown 
and Morris speak of SacfA. elUpswUus and Pastorianus they use these terms in 
the sense in which they are employed by Reess and Pasteur. 

The following experiment, which was one of many, may be quoted as illus¬ 
trative of the facts upon which the statement was based. A conversion was made 
in the usual way, and the free maltose was fermented out. The fermented liquid 
was freed from alcohol, and a solution of the residue made of sp. gr. 1093*0, 
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Brown and Morris considered that maltodextrin is not, as 
supposed by Herzfeld, a mere hydration-product of achroo- 
dextrin, but that it is produced from starch and the polymeric 
dextrins by the fixation of a molecule of water upon the 


corresponding to 24*093 grams of solids per 100 c.c. Analysis showed that these 
solids were made up of— 

Maltose . 6*986 grams. 

Dextrin. 16*792 ,, 

Inactive matter .. .. 0*315 ,, 


24*093 

and the dextrin on degradation yielded 66*8 per cent of maltose. 

The authors then say: “ Some yeast was again added to this solution, the 
solid matter of which, it will be remembered, had already been fermented once 
before, and the whole was submitted to a temperature of 30° C. (86° F.) The solu¬ 
tion was narrowly watched, and a little of the sediment examined daily under 
the microscope." 

“The original yeast-cells, consisting of the Sacch. certvisia of the ‘high 
fermentation,* not finding any free maltose in the solution (although, judging 
from the reducing power, there should have been nearly 7 grams per 100 c.c.) 
shrivelled up, and to all appearances died. At the end of six or seven days, not 
a trace of fermentation having previously been observed, a few cells of Sacch. 
ellipticus and Pastcrianus began to appear. Concurrently with this alteration in 
microscopical appearance, fermentation commenced, at first with extreme slow¬ 
ness, but gradually becoming much more rapid as the new forms of Saccharomyces 
increased in abundance. At the end of forty days, when the experiment was 
stopped, fermentation was still going on slowly.*’ 

“The amount of maltose which bad fermented was determined in two ways : 
(l) By the decreased specific gravity of the solution after distilling off the alcohol, 
and (2) by estimating the alcohol formed, and calculating it as maltose, due 
allowance being made in each case for the non-volatile products of fermentation. 

Method I gave a disappearance of 14*398 grams maltose per 100 cc. 

»* 2 ,, „ 14*410 M H M 

Now, when we consider that the original solution only contained maltose equal to 
6*986 grams per 100 ex., it is evident that the remaining 7*414 grams must have 
been produced at the expense of the dextrin." 

Brown and Morris consider the new forms of yeast to have been derived from 
the brewing yeast employed, which, as is well known, always contains more or 
less of the so-called “ wild " forms. Nothing could be plainer than the description 
here given, which points to the death of the original Sacch. certvisia and the 
gradual growth of the admixed wild forms; but the authors guard against the 
sweeping assertion, for which they have sometimes been made responsible, that 
Sacch. certvisia cannot ferment maltodextrin under any circumstances, for they 
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ternary group (CuHhOm)* of which they assumed that there 
could not be less than five in the starch molecule. This 
action would result in the separation from the dextrin 

residue of maltodextrin / \ This by the fixation 

of two more molecules of water gives rise to freely fermentable 
and crystallisable maltose. 

The recognition of maltodextrin among the products of 
the conversion of starch rendered a modification of the theory 
of the transformation of starch necessary. 

It will be remembered that Brown and Heron adopted 
the formula ioC la H 30 Oi 0 for soluble-starch, and supposed 
the hydrolysis of starch to take place in ten stages, at each 
of which a Ci 2 H 2 oOiq group was broken off and hydrolysed 
to maltose. This theory required the existence of nine 
polymeric dextrins between soluble starch and maltose. 

It is obvious that this theory will not allow of the 
formation of a substance with the properties and constitution 
of maltodextrin ; Brown and Morris therefore assumed that the 
molecule of starch could not be less than five times (Ci 2 H m Oio)s« 
They supposed the action of malt-extract in hydrolysing this 
molecule to consist of a successive hydration and removal of 
the (Ci a H 2 oOio)3 groups, leaving a dextrin residue of decreasing 
complexity, until the last remaining group of (Ci 9 H M Oia)s is 
reached—this is one-fifth of the original starch-molecule, and 
constitutes the dextrin of the No. 8 equation to which we have 
referred above. The removal of each (Ci 2 H 20 Oio) 2 group is, 
however, effected prior to its complete hydration, the ternary 
group being split off in the form of maltodextrin, when one 


say, “ It would not be safe to assume that typical Sacch . cerevisia is incapable, 
under all conditions , of hydrolysing the dextrins and maltodexlrins, and thus 
supplying itself with food. 1 ' 

We have authority for saying that prolonged experience has in no way caused 
Brown and Morris to alter the view expressed in the above extract, and experi¬ 
ments carried out with pure cultures of yeast fully confirm the general conclusions 
arrived at in 1885. 
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only of its amylin or dextrin groups has been converted into 
an aniylon or maltose group, thus— 

+ H,0 = {(0?.H"oV.) t 

SUrch group. Maltodcxlrin. 

And maltodextrin, under the further action of diastase is 
completely converted into maltose, thus— 

{&;”&, + » H *° - 3 C„H m 0 „ 

Maltodextrin. Maltose. 

More recently Brown and Morris have had occasion to 
very considerably modify this theory. 0 

In the course of a series of determinations of the molecular 
weights of various carbohydrates by Raoult's method, Brown 
and Morris submitted soluble-starch and the dextrins to exami¬ 
nation. The general results of this examination were that 
soluble-starch had an extremely large molecule, so large in fact 
as to be incapable of determination by the method in question, 
whilst several preparations of dextrins, obtained by stopping 
starch transformations at different points, and corresponding 
to various so-called high and low dextrins, all gave practically 
the same result A carefully purified dextrin from a conversion 
carried down to the No. 8 equation, gave results which pointed 
unmistakably to the formula (CuHmOu)*, and as there can 
be no doubt that the molecule of this stable dextrin is one- 
fifth of the size of the soluble-starch molecule from which it 
has been derived, the authors were forced to the conclusion 
that the formula of the latter is 5(CuH M 0it)i* 

The fact of the so-called high dextrins giving numbers 
pointing to molecular weights almost identical with that 
obtained for the dextrin of the No. 8 equation, appears to 
leave little doubt that the so-called high and low dextrins do 
not form a polymeric series, but are, at the most, metameric. 
In this connection it is important to remember that evidence 
• Jomrn. Cbetn. Soc, 1889, pp. 449 and 462. 
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was obtained of a most decided difference in the size of the 
soluble-starch and dextrin molecules. 

A consideration of these facts, and of others elicited in the 
same inquiry, together with the recognition of several sub¬ 
stances with the properties of maltodextrin, but of varying 
composition, in restricted starch conversions, caused Brown and 
Morris to frame the following theory for the transformation of 
starch by diastase. This may be taken to represent their 
most recent views on the subject. 

The starch-molecule may be regarded as consisting of four 
complex amylin groups arranged round a fifth similar group, 
constituting a molecular nucleus. The first action of diastase 
is to break up this complex group, and liberate all the five 
amylin groups. The central amylin nucleus, consequent on 
a closing-up of the molecule, withstands the further influence 
of hydrolysing agents, and constitutes the stable dextrin of 
the No. 8 equation. The four outer amylin groups are capable, 
when liberated, of being rapidly and completely converted 
into maltose by successive hydrolysations through a series of 
amyloYns, whose number is only limited by the size of the 
original amylin group. 

It appears most probable that these outer amylin groups 
cannot exist as such; but immediately on separation from the 
central nucleus are partially hydrolysed, yielding amyloYns 
of possibly the very highest type. A supposition of this kind 
will enable us to understand the slight amount of cupric-re¬ 
ducing power which even the very highest conversions exhibit 

In conversions that are allowed to take their normal 
course, we have a gradual hydrolysis of these high amyloYns, 
which continues until the final stage is reached, when the 
whole of the four outer amylin groups have been converted 
into maltose, and the fifth group, the nucleus of the original 
soluble-starch molecule, forms the residual dextrin. The 
further hydrolysis of the amyloYns is also undoubtedly accom¬ 
panied by the splitting up of the original groups into smaller 
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aggregations, as is evidenced by the formation of malto- 
dextrin. 

The action may be expressed by the following equations, 
in which m represents the number of amylin groups converted 
into amylon groups, and n the number of unchanged amylin 
groups in the amyloYns: in the first equation the sum of n 
and m equals 2a We may then express the very earliest 
stage of the hydrolysis thus— 


(C tt H M 0 | # ) M 
(C| t H t 9 0| # ) w 4 . *H t O 

1 (CiiHuOJ,, 

Starch molecule. 


▼trying type. 


At an intermediate point in the hydrolysis, the following 
probably represents the reaction :— 


(CifHnO^ 

+ ( r + 

(C lt \i n O J* V 

(C|*H t iO,#) t i 
Starch molecule. 


t (8o-x) \ 
n + m ) 


H,0 = (CkH^OiJm 
S table dextrin. 


* ChHuOh + 
Maltose. 


8o- f ((C„H - 0„> l . 

Amyloins of vmiying 
compodlioo. 


This theory appears to embrace and explain all the known 
facts in connection with starch transformations; it enables 
us to understand why it is impossible to separate the whole 
of the maltose of a restricted conversion, either by solution 
in alcohol or by fermentation; it also offers a complete 
explanation of the observed facts in connection with fractional 
degradations, and other questions of a like nature. 

In another chapter (Chap. V., p. 207) we have fully dealt 
with this theory from a practical standpoint, and shown the 
important bearing it has upon many points which were 
formerly obscure. 

It is now necessary that we shall study the properties of 
the various products more in detail. 
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Soluble-starch. 

We have already referred to soluble-starch as being the 
first stage in the degradation of starch, and as being obtained 
by the limited action of heated malt-extract or of acid upon 
starch-paste heated to a suitable temperature. 

Obtained by either of these methods, soluble-starch 
separates out on long standing of its concentrated solutions, 
or immediately on the addition of alcohol to dilute solutions, 
as a white substance, which, when washed with alcohol and 
dried, forms a friable, amorphous body. Examined under the 
microscope it is seen to be entirely without structure, and 
in its solid state without action on polarised light The sub¬ 
stance itself and its solutions are coloured an intense blue 
by iodine. It is almost insoluble in cold water, but readily 
dissolves in boiling water, and is thrown down again on cool¬ 
ing as a white, flocculent, amorphous precipitate. 

The specific rotatory power of both forms of soluble-starch 
in solution is [a] j = 216*0° ([a] D = 195 # o°), and it has no 
cupric-reducing power. (Brown and Heron). 

The molecular weight of soluble-starch, determined by 
Raoult’s freezing method, is 32,400, and its formula is conse¬ 
quently 5 (C la H M 0 10 )*o. (Brown and Morris). 

When acted upon by malt-extract, it is converted into 
dextrin and maltose, according to the equation:— 

5(C is H m O m ) m + 8oH t O = 8oC|,H n O|| + (C||H n O|,)i, 
Soluble-starch. Maltose. Dextrin. 

Soluble-starch forms soluble compounds with potassium 
and sodium hydroxides, and insoluble compounds with the 
hydrates of barium and lead. 

Soluble-starch may also be prepared by digesting intact 
starch-granules in the cold with dilute hydrochloric or sul¬ 
phuric acid for a few days. The granules retain their shape, 
and cannot be distinguished, when examined microscopically, 
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from untreated starch-granules, and the altered substance has 
exactly the same action on polarised light as the unaltered 
starch. They dissolve, however, readily in hot water without 
geiatinisation. This form of starch is usually known as 
Lintner’s soluble-starch, and is that used for the determina¬ 
tion of diastatic power (see p. 452). The precise action of the 
acid in producing this change is very obscure, and the time 
required for producing the alteration is very small; Brown 
and Morris stating that when potato-starch is digested with 
12 per cent hydrochloric acid for twenty-four hours the 
power of geiatinisation is completely lost, whilst the amount 
of matter which goes into solution is excessively little. 


Dextrin. 

In treating of the transformation-products of starch, we 
have mentioned at some length the views of past workers on 
the nature and properties of dextrin, or, more correctly speak¬ 
ing, the dextrins: it having been the universal opinion that 
there was a series of dextrins, the members differing, accord¬ 
ing to some authors, in their optical activities and cupric- 
reducing powers; according to others, simply in their molecular 
size, and colouration with iodine solution. In addition to the 
dextrins proper, various other substances were described: 
thus, W. Nageli* mentions two amylodextrins (see p. 129), 
Hcrzfcldt describes maltodcxtrin (sec p. 130), and other writers 
mention other substances intermediate between starch and 
maltose. 

Recent work by Brown and Morris leads us, however, to 
the conclusion that there exists but one true dextrin, which has 
a specific rotatory power of [a],,. M s 2iC*o° ([a] 0 = 195 •o°)$, 
is without action upon Fehling’s solution, and does not give 
any colouration with iodine solution. In all starch-convcr- 

• 4 Bdtrage volt ntheren Keantniss der Stirkegrappc, 9 Ldpcig, 1874. 
t Z#f. eii, % See footnote, p. 102 . 
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sions, made under normal conditions, it forms one-fifth of the 
original starch, and is produced in the very earliest stages 
of the hydrolysis (see p. 124), and is not further acted upon by 
diastase within the ordinary time-limits of a starch-conversion. 
It is unfermentable by the normal Sacch. cerevisice of the 
primary fermentation, but in the combined presence of diastase 
and yeast it is quickly and entirely fermented. Dextrin is 
soluble in water and dilute alcohol, but in strong alcohol it is 
almost entirely insoluble; advantage is taken of the latter 
fact to separate it from maltose in a starch conversion carried 
to its lowest point. 

We attribute all the discrepancies which exist in the 
literature of the dextrins regarding their nature and proper¬ 
ties, to the unrecognised presence in the conversions of 
amyloYns of varying type. The presence of these substances 
will account for the colouration with iodine which the erythro - 
dextrins are said to give, for the varying optical and reducing 
powers which different observers have assigned to the dextrins, 
and for the varying behaviour with diastase noted by different 
authors. 

Soxhlet* has stated that the dextrins produced by the 
action of acid, and by the action of diastase upon starch, differ 
very markedly in their properties, the former not being further 
changed by diastase, whilst the latter are slowly converted into 
maltose by the same agent This statement is undoubtedly 
based upon incomplete experimental evidence, for experience 
has shown us that conversions with acids closely resemble 
those with diastase, and that it is perfectly possible to obtain 
amyloYns of varying type, and, of course degradable by diastase, 
from conversions with acid. These substances would formerly 
have been classed as higher dextrins, that is to say, as 
dextrins capable of undergoing further hydrolysis in the 
presence of diastase. 

* Zeitschrift f. Spiritui-industrie, 1884, No. 11, 
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Amylodextrin 


We have already referred in several places to the substance 
described by W. Nageli, under the name of amylodextrin . It 
has been confused by some authors with starch-cellulose, but 
by the majority of recent workers, including Musculus and 
Gruber, and A. Meyer, with soluble-starch. It is obtained by 
the long-continued action of dilute acids upon starch-granules 
in the cold ; after some weeks the latter lose their original 
structure and become completely disintegrated. This residue 
consists of crude amylodextrin, which can be purified by 
solution in hot water, and subsequent precipitation, either by 
the action of cold or by the addition of alcohol. Thus prepared, 
amylodextrin consists of crystalline spherules, made up of 
minute needles arranged radially; these crystalline aggre¬ 
gates closely resemble the well-known spherules of inulin. 

Brown and Morris have recently 0 more closely examined 
this substance. They show that it is not identical with starch- 
cellulose or soluble-starch, but that it is a definite chemical 
compound derived from the latter by hydrolysis. In solution 
amylodextrin gives an intense reddish-brown colouration with 
iodine; it is absolutely unfermentable by primary Sauk, 
cerevince, and is slowly diffusible in an unaltered form. The 
specific rotatory power of amylodextrin is [a] ja . M = 206*11° 
([a] D = 186*8°). (Nageli gave [a] = 175° to 177°), and its 
cupric-reducing power is represented by x 3 . 88 = 9*08. 

In composition, amylodextrin is analogous to maltodextrin 
(see p. 130) ; it may be represented by the formula :— 




that is, as constituted of one amylon or maltose-group in 
combination with six ainylin or dextrin-groups. The mole¬ 
cular weight, determined by Raoult’s method, is 2220, which 
closely agrees with the above formula. 

* Jottrn. Chcm. Soc, 1889, pp. 449-461. 

K 
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When acted upon by diastase, amylodextrin is completely 
converted into maltose. 

Amylodextrin forms one of the class of substances now 
known as amylolns, and it is on this account that we have 
given its properties somewhat in detail 


Maltodextrin. 


We have stated (p. 115) that Herzfeld described in 1879 a 
substance among the transformation products of starch which 
he named maltodextrin. The principal properties he assigned 
to it were [a]j = 171 *6°, tc = 23* 5, and complete fermentability 
with yeast. 

Brown and Morris in 1885 found 0 a substance among the 
products of the action of diastase upon starch, which agreed in 
some of its properties with the body described by I lcrzfeld, 
and for which they adopted the same name. It differed, 
however, in several most essential particulars from Herzfeld's 
maltodextrin. 

Maltodextrin exists to a greater or lesser extent in all 
high-angled conversions, and may be obtained from these by 
the fermentation of the free maltose with Sacch . cerevisice , and 
the extraction and solution of the residue with alcohol of 85 
per cent., in which maltodextrin is freely soluble. When 
purified the substance has an optical activity of [ajjj.se 55 
193 * 6 ° ([a]D = 174 *7°), and a cupric-reducing power of 
* S . M = 20*7; these numbers exactly correspond to those 
required for the formula:— 


JC lf H„o u 


that is to say, to those required for a compound consisting of 
one amylon or maltose-group combined with two amylin or 
dextrin-groups. The numbers obtained by the determination 
of the molecular weight of maltodextrin by Raoult’s method 


• JouriL Chem. Soc., 1885, pp. 527-57a 
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fully confirm this formula, Brown and Morris * obtaining a 
value of 965, as against 990 required by theory. 

Maltodextrin is absolutely unfermentable by ordinary 
Sauk, cerevisia of the high fermentation, but is slowly fer¬ 
mented by certain forms of secondary yeast It is slowly 
diffusible without alteration, and is completely and rapidly 
converted into maltose by treatment with diastase. 

We have already explained (p. 122) the position which 
maltodextrin occupies among the transformation products of 
starch. 

A my loins. 

Brown and Morris have recently f adopted the term amy- 
loins for the class of bodies of which the two preceding 
substances—amylodextrin and maltodextrin—are the type. 
The word was suggested by Prof. Armstrong, and denotes 
the constitution of this class of substances, which these authors 
regard as composed of varying proportions of amylon and 
amylin groups. 

The distinguishing characteristics of these substances 
arc:— 

1. That they give numbers on analysis which allow their 
composition to be expressed in terms of a mixture of maltose 
and dextrin. 

2. That they cannot be separated by any known means 
into maltose and dextrin, and arc therefore compound bodies. 

3. That they are completely converted into maltose by 
the action of malt-extract or diastase. 

4. That they are unfermentable during the primary fer¬ 
mentation. 

The last of these statements probably requires to be modi¬ 
fied ; for while there can be no doubt that it is perfectly true 
of maltodextrin and the higher amylolns generally, yet recent 

* Joora. Chcm. Soc, 1889, p. 46$. 
t Transactions of the Laboratory Club, 1890, p. 83. 
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experiments point to the probability of the lower amyloYns^ 
that is, those which are only very little removed from maltose, 
being to some extent fermentable by the primary Sacch. cere- 
visice. We have referred to this in another place (p. 386). 
The position which the amylolns occupy in the starch trans¬ 
formation products has been already explained (p. 124). 

Maltose. 

Maltose was discovered by Dubrunfaut in 1847, who first 
showed that the sugar formed by the saccharification of starch 
was not, as generally supposed, dextrose, but a new sugar, with 
distinctly different properties, which he named maltose. The 
discovery was overlooked, and it was not until O’Sullivan 
rediscovered the sugar in 1876 that the existence of maltose 
attracted any attention. 

Maltose crystallises from absolute or very concentrated 
alcohol in the anhydrous state in the form of fine pointed 
needles; from aqueous solutions it crystallises with one 
molecule of water, Ci 2 H M O n + H s O. It is freely soluble in 
water, but only slightly so in alcohol. Its solutions have a 
slightly sweet taste. The optical activity of maltose is 
Mjs'M = 150*4° (Wo = 135-4°), and its cupric-reducing 
power * S . M = 61 ’o (Brown and Heron). 

The opticity of maltose is somewhat less directly after 
solution, than it is 24 hours later. When a freshly prepared 
solution is boiled, the opticity becomes constant at once. 
This is an instance of the phenomenon of half-rotation. 

Boiled with dilute acids, maltose is completely converted 
into dextrose, thus :— 

+ H f o = 2C.H..O, 

Maltose. Dextrose. 

Diastase is without action upon maltose, and, unlike cane- 
sugar, maltose apparently undergoes no inversion before 
fermentation, all the evidence pointing to the direct and 
complete fermentability of this sugar. 
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Maltose forms salts with sodium, strontium, barium and 
calcium. 

Maltose, as we have already stated, is the end-product of 
the action of diastase upon malt, and methods for its 
preparation in the pure state from this source have been 
described by Soxhlet * and HerzfelcL t 

The Ready-formed Sugars of Barley and Malt. 

Wc have already referred to the presence of sugars in 
barley and malt, and to their increase during the malting 
process. Although Kuhnemann, Kjeldahl, and notably 
O'Sullivan, have shown the presence of sugars in considerable 
quantity in malt, we find even now that their presence is 
neglected, and much work rendered useless by the omission 
to recognise the influence which they may play in the 
analysis of malts and worts. O’Sullivan } gives the following 
numbers as the results obtained from upwards of 20 analyses 
of malts:— 

From 2*8 to 6*o per cent, of cane-sugar, 


i ‘3 

.. S'° 

99 

maltose, 

i -5 

.. 3 ‘° 

99 

dextrose, and 

o*7 

.» i s 

99 

levulose. 


And, in addition to these sugars, he has identified rafiinose 
among the sugars of barley. 

(a) Cane-sugar. 

Cane-sugar (see also p. 172) forms large monoclinic prisms, 
without water of crystallisation. It is easily soluble in water, 
and has a specific rotatory power of [a] J8 . 8 s = 73*8° 
([a] D = 66*5°); it is entirely without action upon Fehling's 
solution. Treated with dilute acids, or invertase, cane-sugar 

• Jonrn. f. prakt Chemie, cxxix. p. 277 ; Zeitschrift f. d. gesammte Branwesen, 
1880, ill p. 249. 

f Zeitschrift f. d. gesammte Branwesen, 1882, ▼. p. 338. 

X Jonrn. Chem. Soc, l886 r p. 69. 
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is converted into invert-sugar. It is not directly fermentable 
by yeast, but is first converted into invert-sugar, which is then 
fermented. 

Cane-sugar forms well-defined compounds with the 
alkaline earths (2Ci»H tt Ou> 3CaO) and (CuH n Ou, BaO); 
these compounds are decomposed by carbonic acid yielding 
unchanged cane-sugar. 

When heated to i6o° C. (320° F.) cane-sugar melts with¬ 
out decomposition, but when the temperature is raised to 
210-230° C. (410-446° F.) it becomes dark in colour and 
gives off water, so forming sugar-colouring or caramel (see 
p. 415). The molecular weight of cane-sugar has been shown 
by Brown and Morris to be 342, the number required for the 
formula CuH M O u . 


(b.) Dextrose. 

In the following chapter we shall refer to dextrose as a 
brewing sugar (p. 179). Dextrose crystallises from 95 percent 
alcohol as small anhydrous needles; whilst from an aqueous 
solution it separates in warty masses containing one mole¬ 
cule of water. It is soluble in water and alcohol, and its 
aqueous solutions arc sweeter than those of cane-sugar. The 
optical activity of dextrose is [a] j s . M = 58'6° ([a] D = 52 , 8°), 
and its cupric-reducing power, k = 10a Heated, it first 
melts and afterwards darkens and becomes decomposed, form¬ 
ing caramel. The molecular weight of dextrose has been 
shown by Brown and Morris to be 180, corresponding to 
the formula C»H, s O». Dextrose is completely and directly 
fermentable by yeast 

Dextrose exhibits in a marked degree the pherionemon of 
bi-rotation, that is to say, its optical activity immediately after 
solution is very nearly twice what it is after standing. The 
opticity falls very rapidly at first, but it does not become 
constant until 24 hours after solution in the cold. The same 
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change is, however, brought about by heating to ioo° C. for 
15 minutes. 

(c.) Levulose. 

Levulose is a constituent of honey and many fruits, and 
forms one-half of the product of the inversion of cane-sugar with 
acid or invertase. Levulose has been recently prepared in the 
crystalline state, and, after much discussion, its optical activity 
has been fixed as [a] js . 88 = - 105*98° ([a] D = - 95*65°), 
and its cupric-reducing power as * 3 . 88 = 92*4. The specific 
rotatory power of levulose varies very greatly with the 
temperature, the rotation decreasing with an increase of 
temperature. 

Levulose is completely fermentable by yeast, but more 
slowly than dextrose. Its molecular weight corresponds to 
the formula C 6 Hi a O f . 

A mixture in equal proportions of levulose and dextrose 
constitutes invert-sugar; this is obtained by inverting cane- 
sugar cither with invertase or dilute acid. The action con¬ 
sists in the splitting-up of the cane-sugar molecule into two 
equal, smaller molecules, accompanied by the fixation of a 
molecule of water, thus:— 

^t*^**On + H,0 = C|H|,0, + C,H„0|* 

Cine sugar. Dextrose. Levulose. 

Invert-sugar has an optical activity of [ajj** = - 23*6° 
([a] D = — 28 ’3°), and a cupric-reducing power of K rm =96*6. 
The dextrose in invert-sugar, freshly prepared by the action 
of invertase, exhibits the phenomenon of bi-rotation. 

(cL) Raffinose. 

We have stated that O’Sullivan found raffinose in barley. 
It has a specific rotatory power of [a ],, = 104* 5 0 , and is without 
action on Fehling's solution. Brown and Morris found its 
molecular weight to be 528 # o, corresponding to the formula 
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CiiH M O w , sH 4 0 ; they also found that raffinose is capable 
of affording nourishment to the young plant,* and therefore, 
when present in barley, it serves as nutriment for the embryo 
in the early stages of its growth. 

In addition to the foregoing there are certain substances 
belonging to the carbohydrates, which occur in barley and malt. 
Chief among these are:— 

o- and 0 -Amylan. 

O’Sullivan f found these two substances in barley, wheat, 
and rye. They are present in the former to the extent of about 
2 per cent of a-amylan, and 0*3 per cent, of / 9 -amylan. They 
may be obtained by extracting barley, first with alcohol, and 
then with water, evaporating the aqueous solution and precipi¬ 
tating with alcohol; cold water then dissolves /9-amylan from 
this precipitate, and a-amylan may be obtained from the residue 
by extracting with dilute hydrochloric acid, and again precipi¬ 
tating with alcohol. 

Both have a left-handed rotation; the following being the 
values given by O’Sullivan:— 

a-Amylan .. .. Mj = - 34°. 

0- A my Ian .. .. Mj s= - 73 0 . 

Both the amylans are converted into dextrose by dilute acids. 

Non-nitrogenous Extractive Matters. 

Barley and malt have long been known to contain a certain 
small percentage (2 to 2 * $ per cent) of substances which were 
classed under the general name of non-nitrogenous extractive 
matters. Quite recently C. J. LintnerJ has succeeded in separa¬ 
ting from barley, malt, and beers an amorphous white substance, 
which has all the characteristics of a gum, and which he pro- 

* Journ. Cbem. Soc. lvii. (1890), p. 486. 

t Jouin. Cbem. Soc., xll. (188a), pp. 24, 32. 

X Wocbenscbrift Air Brauerei, 1890s pp* 981-963* 
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visionally names barley-gttm. It is apparently a polysaccharide 
of the group of carbohydrates containing five carbon atoms, 
and Lintner assigns to it the formula «(C»H 10 O»). It has a left- 
handed rotation of about[a] D = —26*8°, and Lintner suggests 
that it may be identical with the amylans of O’Sullivan, 
described above. 


Fat. 

Fat exists to a greater or less extent in all seeds; in some, 
for instance rape-seed and linseed, it forms the greater part of 
the reserve material stored for the nourishment of the young 
plant; in others, the cereals for instance, it forms but a very 
small part of the total weight of the seed. In barley, the fat 
is situated almost entirely in the aleurone-cclls, and in the 
cells of the scutellum, the remaining parts of the embryo, 
containing but little fat Barley contains on an average about 
2-3 per cent of fat 

Lintner found cholesterin in barley-fat, and Ritthausen* 
identified this substance, together with tripalmitin and palmitic 
add, in the fat of wheat and rye. 

Stein found that the fat obtained from barley had the same 
smell which is noticed on the grain when lying in bulk, whilst 
that from green- and kilned-malt had the same odour as the 
malt from which it was derived. From this, Stein concludes 
that the fat of barley undergoes changes during germination 
and during kilning, which arc marked by the alteration of 
smell. 

Barley-fat is obtained from ground-barley by extraction 
with ether, and subsequent evaporation of the ether. It is a 
thin, yellow liquid of pleasant odour; on standing exposed 
to the air, it assumes an offensive smell. 

More recently Stellwaag f has investigated the fat of 
barley. He found that the product extracted by ether, 

* * Die Eiweiukorper der Getreidauten,’ 4 c. 
t ZeiUchrift l d. gesammte Branwescn, 1886, p. 175 - 
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separates on long standing into about equal quantities of a 
solid crystalline fat and a fluid oil. The composition of 
barley-fat he gives as follows:— 

Free fatty acids = 13*62 per cent 

Neutral fats = 77*78 „ 

Lecithin = 4*24 „ 

Cholesterin = 6*08 „ 

Beckmann has obtained a fat, crystallising from ether in 
plates, by distilling grains with dilute sulphuric acid. He 
terms it hordeinic acid. 

(II.) Nitrogenous Organic Substances. 

The nitrogenous organic substances in barley and malt 
have been the subject of much speculation in the past, and 
much has been written of their beneficial or injurious influence 
upon worts and beers. There is, however, no one subject, 
perhaps, on which we have so little accurate knowledge, as 
on the desirability or non-desirability of the various nitro¬ 
genous constituents of wort Many methods have been 
proposed for the separation and estimation of the different 
classes of compounds in which nitrogen occurs, but all of 
them are more or less defective, and give unreliable results. 

For the present we may divide the nitrogenous organic 
substances of barley, malt, wort, beer, and yeast into the 
following classes:— 

(a.) Albuminoids. 

(i.) Peptones. 

(r.) Amide and amido-acids. 

(d) Soluble-ferments, or enzymes. 

(a.) Albuminoids . 

The term albuminoids is a very elastic one, covering a 
variety of substances, which are non-crystalline, without taste 
and smell, and generally inactive towards chemical agents. 
There are a number of bodies of this nature, derived from 
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animal and vegetable sources, but we have only space to 
discuss those substances belonging to this group, which occur 
in barley and malt.* 

Our knowledge of the albuminoids, which are also known 
as proteids or protein-substances, is very vague and limited, 
and we are almost entirely in the dark as to their true nature. 
This is to a large extent accounted for by the great difficulty 
attending their investigation. Certain substances have been 
isolated from barley, malt, and beer, and it appears certain, 
as we have mentioned in another place (p. 71), that changes 
take place during malting and mashing, which are analogous 
to the changes taking place in the degradation of starch. 
What these changes are precisely, we do not know. The 
total amount of nitrogen in a malt, or in a wort, gives us 
but little information. At one time it was customary to con¬ 
demn a barley merely on the ground of an excess over an 
arbitrary standard, and to give the preference to that malt 
which contained least nitrogen. This, however, is an idea 
which is becoming exploded, and it must be admitted that 
the percentage of nitrogen is no guide to the qualities of a 
barley, malt, or wort The nitrogenous substances in a malt, 
calculated as albuminoids, range from 7 to 14 per cent, and 
the soluble nitrogenous substances, calculated on the same 
basis, from 3 to 8 per centf 

The true albuminoids of barley are partly soluble and 
partly insoluble in water, partly coagulable and partly non* 
coagulable. According to Rittliausen, barley contains,— 


GtuUntasem 

GluUnfibrin 


insoluble in water, but soluble in alcohol. 


* For a more complete description of these substances, we wosld refer on 
leaden to Rilthansen, * Die Eiweisakorper der Getrddeartea,’ Boon, 187a ; and 
Sachsae, 'Die Chemie and Physiologic der Farbstoffe, Kohlehydrate nod 
Proteiasnbstanicn,' l^ipr.lg, |88<> 

t The albomlnoids in grain or wort an determined by multiplying the 
amonnt of nitrogen by the factor 6 ' *5. This factor is (bonded oo the assomptioa 
that all albeminoids coo tain 16 per cent, of nitrogen. 
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Mucedin, slightly soluble in cold water, more soluble 
on boiling; consequently solutions prepared with hot water 
become turbid on cooling. 

Albumin , readily soluble in cold water, and thrown out 
on heating the bright solution as a flocculent precipitate, which 
is insoluble in dilute acids and alkalis. 

The proportions in which these albuminoids occur in barley 
are naturally very varied, but at present we know of no reliable 
method for separating and determining these substances. 

Brown and Heron have shown that the diastatic power is 
largely a function of the coagulable albuminoids; they state 
that every stage in the coagulation of malt- (or barley-) extract 
by heat is attended by a distinct modification of its diastatic 
power, and conversely every modification of starch-transform¬ 
ing power is attended by distinct coagulation. 

Recently Rcycliler has shown that certain of the albumi¬ 
noids of grain, notably gluten or mucedin, can be converted 
by the action of dilute acid into a substance possessing many 
of the properties of diastase. This so-called “ artificial 
diastase ” has been since examined by Lintner and Eckhardt, 
who confirm, to a large extent, Reychlcr's experiments. We 
shall have occasion to refer to this more in detail in speaking 
of diastase (p. 144) 


(b.) Peptones. 

When the substances belonging to the preceding class are 
acted upon by a special ferment, peptase or pepsin (see p. 160)* 
they undergo a marked alteration, which is apparently closely 
analogous to the degradation of starch under the influence of 
diastase. The exact nature of the change which takes place 
is unknown, but we find that the non-diffusible, insoluble 
albuminoids become converted into soluble and easily 
diffusible substances, which are known as peptones and para- 
peptones. 

The peptones are readily precipitated by alcohol, tannin, 
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&c, but not by metallic salts or acids. They arc also not 
precipitated by boiling. 

Griessmeyer isolated peptone and parapeptone from wort 
and beer,* and he considered these bodies to be distinct from 
the similar substances isolated from animal sources; more 
recently, however, Szymanski has investigated the peptones of 
malt and beer, and he proves their identity with the animal 
peptones.f 

We have already referred to the alterations which take 
place in the nitrogenous constituents of barley during germin¬ 
ation (p. 71); a somewhat similar process is supposed to 
take place during mashing, the soluble-ferment of the malt 
degrading and peptonising the albuminoids of the grain. We 
have, however, no means at present of determining the 
conditions under which this change proceeds; or the extent to 
which it is desirable, or the reverse, that the degradation of the 
albuminoids should take place. 

There is reason to believe that the peptones are a very 
favourable medium for the growth of bacteria and yeast 

(c.) Amides and Atnido-acids. 

The ultimate products of the action of peptase upon the 
albuminoids are substances belonging to the classes of chemical 
compounds, known as amides and atnido-acids. 

The former may be regarded as derivatives of ammonia 
(NH t ), in which one or more of the hydrogen atoms are re¬ 
placed by organic radicles. They are crystalline substances, 
soluble in water, alcohol, and ether, and highly diffusible. 
The best known members of this class are asparagin and 
glutamin, which, together with others of the class, are found in 
malt Recent experiments by A. J. Brown point to these 
substances possessing a low nutritive value for yeast, vastly 

* Der Bayerifch* Bierbnoer, 1877, p. m j ZeiUchrift L 4 , gcuunm 
wcw*, 1878, p. 137. 

t Zetachrift C«L gcummte Bmuwcmo, 1886, p. 105. 
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inferior to that of yeast-water. The amido-acids are formed 
by the action of boiling hydrochloric acid upon the amides, 
ammonia being separated and combining with the hydrochloric 
acid; thus aspartic acid is formed from asparagin according 
to the following equation :— 

O f (OHNH*) + H ,0 = C 4 H, (NHJ O, (OH) t + NH,. 

Asparagin. Aspartic add. 

The amido-acids are crystalline and resemble the amides in 
their general properties. The best known of this class of sub¬ 
stances are leucin and tyrosin , both of which are found among 
the products of the decomposition of the albuminoids. 

We have already mentioned (p. 72) that several methods 
have been proposed for the separation and estimation of these 
different classes of nitrogenous substances in barley, malt, 
wort, and beer. The method in most general use is that of 
Ullik, but we are bound to state that it is unreliable, and 
uncertain in its results. We are at present quite in the dark 
regarding the influence which the different classes of nitro¬ 
genous substances exert in brewing operations, and we shall 
remain so until the different bodies have been isolated in a 
state of purity, and their properties examined, and methods 
for their determination devised. 

(d.) The Soluble-Ferments or Enzymes. 

Very great confusion has arisen in the past from the indis¬ 
criminate way in which the word “ ferment ” has been applied 
both to organisms which produce changes as the . result of 
their vital activity, and thus give rise to true fermentation, 
and also to chemical agents which, although the product of 
living cells, yet act outside and independent of these cells, 
and simply induce the hydrolysis of the substances upon 
which they act It is with the latter class that we have to do 
in this chapter. They are often referred to as unorganised or 
soluble-ferments, both of which names serve to differentiate 
them from the members of the former class. Recently, how- 
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ever, it has been suggested that it is unadvisable to employ the 
word " ferment ” in any way in connection with agents which 
are incapable of producing true fermentation, and, therefore, 
the term " enzyme ” has been suggested in place of soluble* 
ferment. This term is a very appropriate one, since it serves 
to indicate the vital origin of the agent, and thus differentiate it 
from agents like the acids, which bring about similar changes. 

Very little is known of the mode of action of the soluble- 
ferments or enzymes; we know that in all cases in which a 
chemical change is brought about by an enzyme, hydrolysis 
has taken place, that is to say, the molecule of the original 
substance has been broken down into other substances ac¬ 
companied by the fixation of water, and the latter substances 
always bear a simple relation to the original substance. We 
know also that a very minute quantity of the enzyme is 
capable of effecting this change in a relatively large amount of 
the substance, in fact it appears that the enzyme is capable, 
under favourable conditions, of promoting an indefinite amount 
of change without undergoing any deterioration itself. Many 
theories have been enunciated to explain the action of 
enzymes. Brown and Heron regarded it as a function of the 
coagulable albuminoids capable of being exerted under 
favourable conditions; Liebig, and later Nageli,'considered it 
to be due to molecular vibrations set up under certain con¬ 
ditions (see p. 297). 

All enzymes have certain limits of temperature outside 
which they are incapable of exerting their influence; at higher 
temperatures they arc destroyed, and at lower temperatures 
their action is, in many cases, very different Heated in the 
dry state, however, enzymes can withstand a temperature of 
100 9 C (212° F.) and upwards, although their activity is slowly 
destroyed if they arc kept for any length of time at these 
temperatures. Alcohol precipitates all enzymes from their 
solutions, and some are decomposed by standing in contact 
with alcohol, whilst certain substances influence their activity 
in a marked manner. A very large number of enzymes exist 
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in the vegetable and animal kingdoms, and are concerned in 
the various processes of constructive and destructive meta¬ 
bolism, but we shall only* refer here to those which are of 
importance to our industry. 

I. Diastase. —We have already mentioned the fact that 
early in the present century, Payen and Persoz recognised the 
presence of a substance in malt-extract, which had the power 
of converting starch into dextrin and maltose. They gave 
the name diastase to this substance, and attempted to prepare 
it in a state of purity, but without any great success. Later, 
Dubrunfaut described the preparation of an active substance 
from malt, and gave to it the name “ maltin.” We now know 
that a starch-transforming agent is very widely distributed in 
the vegetable kingdom, and occurs in all cereals, whether 
malted or unmaltcd. We shall, however, first describe diastase 
as it exists in barlcy-malt, reserving the consideration of its 
wider distribution until later. 

The earlier methods for the preparation of diastase in a 
pure state were extremely unsatisfactory, the product being, as 
a rule, of inferior activity, owing to the method of preparation 
having involved the use of elevated temperatures or of unsuit¬ 
able reagents. O’Sullivan* described the first satisfactory 
method, which is as follows: Finely ground pale barley-malt is 
taken, and sufficient water added to completely saturate and 
slightly cover it After standing three or four hours, as much 
as possible of the extract is separated by a filter-press, and 
the liquid filtered until bright. To the bright solution alcohol 
of sp. gr. 0*83 is added, so long as a flocculent precipitate 
forms, the addition of the alcohol being discontinued as soon 
as the supernatant liquid becomes opalescent or milky. The 
precipitate is washed with alcohol of 0*86-0*88 sp. gr., then 
dehydrated with absolute alcohol, pressed between cloth to 
free it as much as possible from that liquid, and finally dried 
in vacuo over sulphuric acid. Prepared in this way, diastase 

* Journal of the Chemical Society, xW. (1884), p. 2. 
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is a white friable powder, easily soluble in water, and retaining 
its activity for a considerable time. Diastase is precipitated 
by tannic acid, with which it, like the albuminoids, forms an 
insoluble compound. 

C. J. Lintner* and Szildgyif have also published methods 
for the preparation of diastase, which do not differ from the 
above except in the fact that the malt is extracted with 
alcohol of 20 to 30 per cent, respectively, instead of with 
water. This procedure yields the diastase in a purer state, 
since the alcohol does not dissolve so much of the matter, 
which is soluble in water, and afterwards precipitated by 
alcohol with the diastase. Prepared by either method, the 
diastase is somewhat impure, albuminous and dextrinous 
substances and salts being precipitated by the alcohol. In 
order to remove these, it is necessary to re-dissolve the crude 
product in water, and again precipitate with alcohol. This 
process should be repeated several times, and the aqueous 
solution of the purified product finally submitted to dialysis 
in order to further remove the inorganic salts. During puri¬ 
fication the percentage of ash decreases, while the percentage 
of nitrogen and the diastatic power both increase. This is 
shown by the following numbers given by Lintner:— 


Crude diastase. 

After two precipitations. 

After dialysis . 

Percentage of Nitrogen. 

9‘o6 

9*9 

Diastatic Power.| 

96 

IOO 

IOO 

After one precipitation . 

After two precipitations .. 

Percentage of Nitrogen. 

6*84 

8*12 

Percentage of Ash. 

I 3-25 

9*94 

4*9 

After three precipitations 

9*49 


• For C. J. Lintner** valuable contribution* on the nature of diastase, sec 
Journal fttr praktische Chcmie, xxxiv. p. 378; xxxvi. p. 481 ; xli. p. 91; and 
llrewing Trade Review, 1887, p. 204 5 1888, p. 209 5 1889, p. 376. 
f Wochenschrift fur Drauerei, 1891, p. 366. 

x For an explanation of the mode of determining diastatic power, see p. 452. 

L 
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The composition of diastase has been very variously 
represented by different observers, the results given depend¬ 
ing greatly upon the degree of purity of the preparation. We 
give below the numbers obtained by four different workers, 
but only the last two can be regarded as analyses of fairly 
pure preparations, and it will be noticed that these two inde¬ 
pendent analyses agree very closely. 



Krauch. 

Zulkowsky. 

Lintner. 

SstUgyi. 

Carbon .. .. 

45 -<* 

47-57 

44*33 

44-50 

Hydrogen. 

6-90 

6-49 

6*98 

7*08 

Nitrogen. 

4*57 

5-14 

9.92 

9*49 

Sulphur.1 

3677 

37*64 

( 1*07 

1*08 

Oxygen ./ 

l 32-91 

3**95 

Ash. 

608 

3 -16 

4*79 

4*90 


Calculated on the ash-free substance, the results of Lintner 
and Szildgyi are :— 



Lintner. 

Sxi&gyi. 

Carbon .. 

4666 

46-80 

Hydrogen . 

7*35 

7‘44 

Nitrogen. 

10*42 

998 

Sulphur. 

I *12 

I-I 4 


Compared with the numbers obtained for the albuminoids of 
barley, diastase is considerably richer in nitrogen and poorer in 
oxygen than these substances. The ash of diastase consists, 
according to Zulkowsky, of the phosphates of potassium, 
calcium, and magnesium ; according to Lintner, entirely of 
neutral calcium phosphate. Carefully purified diastase gives 
all the reactions for albuminoids, but does not give the cha¬ 
racteristic biuret reaction for peptones. It gives, however, a 
blue coloration with tincture of guaiacum and hydrogen 
peroxide, which, according to Lintner, is given by no other 
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proteid substance, and appears to be characteristic of diastase. 
When pure, diastase does not reduce Folding's solution. 

The distinguishing feature of diastase is, of course, its 
power of converting starch, under suitable conditions, into a 
mixture of dextrin and maltose. We have already referred 
at length to the products of this action and the conditions 
under which they are produced. We must now examine the 
nature of the agent which produces the change. 

The action of diastase, or, what is practically the same 
thing, cold-water malt-extract, is greatly modified by the 
conditions under which it acts, namely, the quantity em¬ 
ployed, the temperature, the concentration, and the presence 
of foreign substances. 

When different quantities of diastase solution are allowed 
to act upon the same amount of starch for the same length of 
time under certain specific conditions, it is found that the 
production of sugar is proportional to the diastase employed. 
Brown and Heron first pointed this out, and proposed to 
ascertain the diastastic powers of two solutions by plotting a 
time-curve for each reaction and measuring the amount of 
degradation occurring in each case in a given time. About 
the same time Kjeldahl* showed that, in order to make this 
comparison strictly accurate, it was necessary that the amount 
of diastase employed should not be more than would suffice 
to produce a certain quantity of sugar. On this he founded 
what he terms the "law of proportionality," which may be 
briefly expressed as follows:—When different volumes of a 
solution of diastase arc allowed to act upon solutions of 
soluble-starch under identical conditions of time and tempera¬ 
ture, then the amount of sugar formed, as shown by the cupric- 
rcducing power of the solutions, is strictly proportional to the 
amount of diastase employed, provided the cupric-reducing 
power is not allowed to exceed k 25-30. 

• Ummk da compte-renda des trmvaux da Labormtoirc dc CarUberg, 1879, 
p. 109. 


L 2 
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Kjeldahl employed for his determination, a starch solution 
prepared by acting upon starch-paste with a little malt- 
extract, and arresting the action by boiling as soon as limpidity 
was produced. C. J. Lintner improved upon this, by employ¬ 
ing a solution of soluble-starch prepared by the action of 
dilute acid upon starch-granules (see p. 126), and by using a 
volumetric method for determining the reducing power. With 
these modifications, he founded the method for the deter¬ 
mination of diastatic power which bears his name, and which 
is fully described in the analytical section (Chapter X., p. 452). 

As we have before stated, the action of diastase upon 
starch-paste is greatly influenced by the temperature at which 
the reaction proceeds. According to Kjeldahl the action 
rapidly increases with the temperature until it reaches 54° C. 
(129 0 F.), from 54° C. to 63° C. (145° F.) it remains fairly 
constant, and above 63° C. it rapidly decreases as the tem¬ 
perature rises. Lintner places the maximum temperature at 
from 50-55° C. (122-131° F.); his experiments were made 
with soluble-starch, which probably accounts to some extent 
for the difference. We shall return to this in considering the 
homogeneity of diastase. 

The action of heat on diastase itself in solution is well- 
shown in the following results obtained by Lintner, who 
heated similar quantities of diastase dissolved in water at 
55° C. (131° F.) for varying times, and then determined the 
quantity of each solution required to effect the same amount 
of change in solutions of starch 

Of the unheated solution .. .. 0*55 c.c. of solution was required. 

After 20 minutes at 55° C. 1*10 „ „ „ 

#> 40 

»» it •• •• i *75 99 99 99 

» »> M •• 2'22 ,, l t 11 

Thus, after 60 minutes at 5 5° C. (131 0 F.), four times as 
much diastase solution was required to bring about a result 
equal to that effected by the unheated solution. 

Similar experiments performed in starch solutions instead 
of water, showed that much less influence was exerted by 



149 


Barley and Malt. 

heat in the presence of starch and the products of its trans¬ 
formation than in water alone. In the former case the activity 
was reduced by only about one-half the extent to which it was 
reduced in the latter case. 

The influence of time upon the reaction depends entirely 
upon the quantity of diastase employed and the temperature. 
With a sufficiency of diastase and at temperatures below 55 0 C. 
(131 0 F.), the maximum action takes place very rapidly, the 
higher the temperature the quicker the maximum is attained. 
With a small quantity of diastase and a temperature above 
55° C. (131 0 F.) the action proceeds more slowly, as will be 
seen from the previous section (p. 93). Concentration, within 
very wide limits, appears to exercise no influence on diastatic 
action, equal quantities of diastase, according to Kjeldahl, 
acting for the same time and at the same temperature, pro¬ 
ducing equal quantities of sugar in solutions of very different 
concentrations. This applies only to starch-paste conversions 
in the laboratory, where dilution is always greater than it is 
in practice. In practical operations, concentration does play 
a part, if only an indirect one (see p. 224). Foreign sub¬ 
stances have an important influence on the action of diastase. 
Payen and others considered that the maltose produced in 
the reaction, itself exercised a retarding action on diastatic 
activity. This, however, was shown by Kjeldahl to be in¬ 
correct, and we now know that, under favourable conditions 
of temperature, diastase rapidly degrades a starch solution to 
its lowest limits, in spite of the presence of excess of sugar.* 

Kjeldahl states that very small quantities of sulphuric, 

• Lindet (Compt. rend, 108, p. 453), ha* recently revived this old idea of 
Payen, and endeavoured to prove it by showing that when the maltose present 
in a mash is removed by phenylhydrasin, a further quantity is produced by the 
diastase present. The author’* conclusions arc, however, entirely incorrect, for 
lie appears lo ignore the fact that in the strongly acid liquid which results from 
the action of the ptienylhydrazin hydrochloride and sodium acetate, degradation 
would take place under the action of the add at the temperature he employs. 
Further, since he experimented with a wort which in all probability contained 
amyloiits, the presence of them would serve to explain his anomalous results. 
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hydrochloric, and organic acids accelerate the action of dias¬ 
tase ; larger quantities, however, retard or destroy it. Lintner 
disputes this, and although allowing that a very minute quan¬ 
tity of acid very slightly favours the action, yet, having regard 
to the very slightly increased activity induced by small amounts 
of acid (0*002 per cent of sulphuric acid), and to the retard¬ 
ing action of o*oi per cent of acid, and to the totally destruc¬ 
tive action of o* 10 per cent, he considers that acids must be 
regarded as retarding or destroying diastatic action. The 
same must be said of alkalies, 0*001 per cent of ammonia 
distinctly retards diastatic action, 0*005 per cent almost stops 
the action, and o*2 per cent entirely stops the action. Copper 
sulphate and the salts of the heavy metals also limit or alto¬ 
gether stop the .action of diastase. Lintner also finds that 
sodium and potassium chlorides are, in dilute solutions, without 
influence on the diastatic power: concentrations of from 
4 to 8 per cent of these salts increase the action. Calcium 
chloride is also without influence in dilute solution. The last 
result, however, applies only to pure chloride of calcium, 
which is neutral; the calcium chloride used by brewers is 
always slightly alkaline, and the alkalinity would probably 
reduce the action of the diastase. Lintner’s results on these 
points do not agree with the experience of one of us, and the 
explanation of the differences is, perhaps, to be found in the 
fact that Lintner worked with prepared diastase and pure 
soluble-starch, whereas our experiments were made with malt 
itself. These experiments were referred to in a former 
chapter. Diastatic action is greatly increased, according to 
Muller, by pressure and by carbonic anhydride; these facts are 
of practical importance, for the great diastatic activity of a 
comparatively small amount of malt-flour added to fermenta¬ 
tions, and the degrading influence of secondary yeasts upon 
the malto-dextrins, would both possibly depend upon the 
carbonic anhydride and the pressure which play a prominent 
part in both stages, but especially in cask. 
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In an earlier section of this chapter, we have said that 
diastatic activity consists of two kinds, namely, liquefying and 
saccharifying, and that there is every reason to believe two 
distinct enzymes give rise to these respective actions. Diastase 
from barley-malt exhibits both forms of activity, but the two 
actions are influenced by temperature to a very different ex¬ 
tent—thus, the saccharifying action reaches, as we have seen, its 
maximum at 50-55® C. (122-131® F.), above which it rapidly 
decreases, and is totally destroyed at 80® C. (176° F.); whilst 
the liquefying action is at'its maximum at 70® G (158° F.) 
and is not entirely destroyed below 93® C. (200® F.). 

It is only within comparatively recent times that un¬ 
germinated barley has been found to contain a starch-trans¬ 
forming agent This is undoubtedly due to the fact that in 
all of the earlier work the experiments were made with starch- 
paste instead of with soluble-starch, as is now usually the case, 
for the diastase of barley is entirely without action upon the 
former, whilst it acts vigorously upon the latter. The ex¬ 
planation of this is that the diastase of barley is entirely with¬ 
out liquefying action, although it possesses saccharifying power 
in a marked degree. This was first noticed by Kjeldahl,* and 
more recently Bungener and Fries t pointed out that in some 
cases the diastatic power of barley was greater before ger¬ 
mination than that of the malt prepared from it 

It was not at first supposed that the enzymes from the 
two sources differed, except in regard to liquefying action on 
starch-paste, but recent work of Lintner and Eckhardt J has 
shown a radical difference in the nature of the two diastases. 
They caused equal quantities of extracts of barley and of 
malt having equal hydrolytic powers, to act upon soluble- 
starch at varying temperatures for the same length of time, 
and then determined the reducing power in each case. The 
results of the actions are expressed in the following curves, of 

• Ixic dt t Zeitschrift f.«!. gesammte Brauwescn, 1886, p. a6l. 

| Journal £ praktische Chemte, xli. (1889), p. 91. 
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which the abscissae represent the temperature, and the ordi' 
nates the reducing power. 


Fig. 4. 
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Curve representing the action of Malt-Diastase on Soluble-Starch. 
R = reducing power. 


Fig- 5- 



Curve representing the action of Barley-Diastase on Soluble-Starch. 

R = reducing power. 

As will be seen, the forms of the two curves are very 
different, for, whilst the optimum temperature for a conversion 
with malt-extract lies between 50-55° C. (122-131° F.), that 
for barley-diastase is between 45-50° C. (113-122° F.); and, 
moreover, the hydrolytic power of barley-diastase at 4° C. 
(39° F.) is as high as that of malt-diastase at 14*5° C. (58° F.). # 

* Lintner and Eckhardt considered that the so-called “ artificial diastase ” of 
Reychler (p. 155), produced by the action of dilute acid upon the gluten of wheat, 
might be simply the natural diastase of the ungerminated grain; they therefore 
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These results unmistakably point to the non-identity of the 
enzymes from the two sources, and this has been further con¬ 
firmed by the work of Brown and Morris, before referred to. 

These workers found that the excised embryos of immature 
barley were quite incapable of secreting any enzyme which 
would attack starch-granules, and that this was the case even 
with embryos from morphologically mature barley, provided 
that the ripening had not advanced to the point of partial 
desiccatioa* It is clear, then, that the presence of diastase in 
raw grain cannot be due to a secretion by the epithelium 
of the same kind as that observed in germination (p. 69). It 
is, however, closely connected with the growth of the embryo, 
and is also largely confined to the germ end of the grain, as 
the following determinations show :— 

(1) Endosperm about one-half developed 

(2) „ two-thirds developed. 

(3) „ fully developed, but grain not ripened 

Diastase estimated in 50 Corns . 

(1) Equivalent to .4*390 grams CuO.f 

(*) „ »» 7*833 

( 3 ) »» »» 9*^75 »» *» 

In 50 corns of ripe barley, after steeping in water:— 

Diastase in half-endosperms (germ-end). 1*715 grams CuO. 

„ „ (remote from germ) .. 0.610 „ „ 

Total.2-325 „ „ 


examined it closely and found that although the substance acted upon did possess 
diastatic power, yet this was greatly increased by the action of dilute adds, 
yielding a substance which, when examined under the above conditions, gave a 
curve closely agreeing with that of barley-extract They conclude that the 
gluten or mucedin of wheat contains a fermentogen or tymogen (see p. 63), which 
is acted upon by the acid, but they consider that Reychler’s contention, that the 
action of acid may be compared with the physiological action which takes place 
during germination, is quite incorrect. 

• We have previously referred to the practical importance of this observation 
(seep. 79). 

t See footnote, p. 7a 
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We have already referred to the secretion of diastase by 
the epithelium during germination, and to its accumulation in 
the endosperm. The following experiment shows the distri¬ 
bution of diastase in the germinated grain, and the increase 
brought about by germination :— 

Distribution of Diastase in Barley germinated for Seven Days under the ordinary 


conditions of the Malting Process . 

Gram* Cu< 

Diastase in 50 half-endosperms (germ-end) . 9*7970 

,, „ „ (remote from germ). 3*5310 

„ radicles of 50 corns.0*0681 

„ plumules .. 00456 

„ scutella „ 0-5469 


Sum of diastase in separate estimations.13*9886 

Diastase determined in 50 whole corns of the same barley .. 13*7260 


The accumulation of diastase in the endosperm is well 
shown in this experiment, as is also the distribution of diastase 
in the organs of the embryo. The scutcllum contains by far 
the largest proportion of the total diastase of the embryo, and 
it was also found that the enzyme of the scutellum is capable 
of liquefying starch-paste with great rapidity, whilst that of 
the plumules and radicles is incapable of acting upon starch- 
paste, thus resembling the diastase of raw grain. Another 
point in common is the inability of the enzymes from the 
latter sources to erode and disintegrate starch-granules. 
Brown and Morris found that the diastase of raw grain is 
entirely without this power, and they state that in all cases 
it was found that the inability to erode starch-granules and 
to liquefy starch-paste went hand in hand. 

The granules of transitory starch, to which we referred in 
an earlier section, always disappeared by solution, as distinct 
from erosion, and Brown and Morris attribute this solution to 
the action of an enzyme which they term “ diastase of translo¬ 
cation,” or “ translocation diastase ” ; this translocation diastase 
they suppose to be produced within the cell for the purpose of 
facilitating the translocation of the starch. This is the diastase 
of raw grain and of certain tissues of plants, and is distin- 
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guished by its inability to erode starch-granules or to liquefy 
starch-pastc, and by the difference in its action on solublc- 
starch, as shown above. It is also probably identical with 
Reychler's '* artificial diastase.” The diastase secreted by 
the epithelium is termed by Brown and Morris " diastase of 
secretion,” and is regarded by them as the direct glandular 
secretion of the columnar epithelium of the embryo. The 
“ diastase of secretion” possesses all the properties we usually 
attribute to malt-diastase; it erodes, disintegrates, and dis¬ 
solves starch-granules, producing maltose, and it liquefies 
and saccharifies starch-paste.* 

The other cereals and grasses behave in much the same 
way as barley, and what we have said regarding barley and 
malt-diastase may be taken as applicable to the diastases con¬ 
tained in the ungerminated and germinated cereals generally. 

II. INVERTASE. —The name invertasc was given by Donath 
to the enzyme prepared from beer-yeast, and which had the 
power of converting cane-sugar into the mixture of dextrose 
and lcvulosc, known as invert-sugar. The action, like that 
brought about by diastase, is one of hydrolysis, and is repre¬ 
sented by the following equation :— 

C||H n O„ + H t O = C t H lt O c + C ( H lt O ( . 

Cane-sugar. Dextrose. Lcvulose. 

Invertase is present in malt to a considerable extent; this 
was first shown by Brown and Heron f ; later Kjeldahl pointed 
out that it was chiefly located in the rootlets of germinated 
barley, and more recently J. O'Sullivan t has shown it to be 

• Quite recently Wijsmann (l^ec. Trav. Cliim., ix., p. 1) has endeavoured to 
prove the compound nature of malt-diastase. He starts with the assumption that 
diastase is composed of a mixture of two enzymes —maltose and dextrinase; and 
that the former converts starch into a mixture of maltose and eythrodextrin, 
whilst the latter converts starch into maltodextrin. The last named is converted 
by maltose into maltose, and the eythrodextrin is further degraded by dextrinase 
into Icucndcxtrin. The experiments he quotes in support of this theory arc, 
however, inconclusive, and allow of an explanation in accordance with the 
generally received theories. 

f Journal of the Chemical Society, 1879, p. 610. 

% Transactions Laboratory Club, iii. (1890), p. 104. 
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confined to the growing embryo. This is where we should 
naturally expect to find it, for we have seen that the assimilable 
carbohydrate enters the embryo as maltose, and is there 
transformed into cane-sugar and the products of its inversion. 

From the brewing standpoint the chief source of invertase 
is yeast In this it is present, according to C. O’Sullivan and 
Tompson, 0 to the extent of from 2 to 6 per cent., calculated 
on the dry solid matter. 

C. O’Sullivan and Tompson have recently made a very 
exhaustive examination of invertase and its properties. The 
chief results may be summed up as follows :— 

The method adopted in determining these properties of 
invertase consisted in mixing a solution of cane-sugar with a 
measured amount of invertase, and allowing the action to take 
place at a known temperature during a definite time; action 
was then stopped by the addition of alkali, and its extent 
determined. 

The rate of hydrolysis of cane-sugar by means of invertase 
may always be expressed by a definite time curve; and what¬ 
ever the conditions may be under which hydrolysis is taking 
place, as long as these conditions remain unchanged, this 
curve is adhered to. 

When the degree of acidity is that most favourable for the 
action of invertase, the rapidity of the action is in proportion 
to the amount of invertase present. The most favourable 
concentration of the sugar solution at a temperature of 54° C. 
(129° F.) is about 20 per cent. Below that there is a rapid 
decline in the speed of hydrolysis. Greater concentrations 
are only slightly less favourable until about 40 grams of sugar 
per 100 cc. is reached. In saturated solutions hydrolysis only 
proceeds with extreme slowness. 

The speed of hydrolysis increases rapidly with the tem¬ 
perature until 55-60° G (131-140° F.) is reached At 65° C. 
(149 0 F.) the invertase is slowly destroyed, and at 75° C. 

* Journal of the Chemical Society, lvii. (1890), pp. 834-931. 
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(167° F.) it is immediately destroyed. At the lower tern* 
peratures, the speed of the action increases with the rise of 
temperature. Elevated temperatures have no permanent 
effect on the activity of the invertase so long as they are not 
sufficiently high to destroy it. 

The caustic alkalis, even in very small proportions, are 
instantly destructive to invertase. 

Minute quantities of sulphuric acid are exceedingly favour¬ 
able to the action, but a slight increase of acidity beyond the 
most favourable point is very detrimental The most favour¬ 
able amount of acid increases to some extent with the pro¬ 
portion of invertase, and increases with rise of temperature. 
The influence of alcohol varies in direct proportion with the 
amount present Five per cent of alcohol decreases the speed 
of the action about one-half. 

The dextrose formed by the action of invertase is initially 
in a bi-rotary state, and consequently the optical activity of a 
solution undergoing hydrolysis is no guide to the amount of 
hydrolysis that has taken place. 

If a caustic alkali be added to a solution undergoing 
hydrolysis, and the optical activity be allowed sufficient time 
to become constant, it is a true indicator of the amount of 
inversion that had taken place at the moment of adding the 
alkali 

A sample of invertase which had induced hydrolysis of 
100,000 times its own weight of cane-sugar was still active. 

. Invertase itself is not injured or destroyed during its action 
on cane-sugar; and there is no limit to the amount of sugar 
which can be hydrolysed with the aid of invertase. 

The hydrolysis of cane-sugar by means of invertase is a 
simple chemical change differing in no important particular 
from those which inorganic substances undergo. The pro¬ 
ducts of hydrolysis have no influence on the rate of the 
actioa 

A solution of invertase will withstand a temperature of 
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2 5 0 C. higher in the presence of cane-sugar than in its absence. 
O’Sullivan and Tompson are of opinion that, when invertase 
inverts cane-sugar, combination takes place between the two 
substances, and that the invertase remains in combination 
with the invert-sugar. This combination breaks up in the 
presence of excess of cane-sugar. 

Invertase, when it approaches a state of purity, is a very 
unstable substance. 0 The products of its decomposition have 
been carefully examined by O’Sullivan and Tompson, and 
are found to constitute a new series of substances constituting 
the invertan series. This is a series of substances which on 
analysis yield numbers that may be expressed in terms of an 
albuminoid and a carbohydrate. Seven members of the series 
are described in which the nitrogen gradually decreases from 
8*3 per cent, in a-invertan to 0*76 per cent in 17-invertan, 
the lowest member of the scries, whilst the optical activity 
increases. Invertase itself is a member of the series, occupying 
the position of j8-invertase. 

The following table shows their relation: A represents 
1 part by weight of albuminoid; and S, I part by weight of 
carbohydrate; a represents a-invertan , that is, A 4 S 3 ; t) repre- 


• The following is the method of preparation of invertase given by O'Sullivan 
and Tompson:—If sound brewers’ yeast be pressed and then kept at the ordinary 
temperature for a month or two, it does not undergo putrefaction, but changes 
into a heavy, yellow liquid; the product possesses no power of fermentation, but 
on apparent increase takes place in the invertive power. From such liquefied 
yeast it is easy to filter o(T a bright solution of high hydrolytic power. It is 
shown that all the invertase of yeast is in this solution, which O'Sullivan and 
Tompson term 11 yeast liquor”; it has a density of about 1080, and will remain 
for a long time unaltered, excepting that the colour darkens, if exposed to the 
air it may slowly become covered with mould. If spirit be added to yeast-liquor 
until the mixture contains 47 per cent, of alcohol, the whole of the invertase 
separates with only a slight loss of power. The precipitated invertase may be 
washed with spirit of the same strength, and the residue cither dehydrated with 
strong alcohol, and dried in vacuo, or it may be extracted by means of 10 to 20 
per cent alcohol, and then filtered; the filtrate then contains the invertase. 
O’Sullivan and Tompson have not succeeded in further purifying invertase pre¬ 
parations carefully made in this manner. The slightest attempt at purification 
destroys the invertase. 
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sents three times 1 yinvertan, that is, 3AS18; rj thus represents 
57 parts by weight, and a 7 parts by weight:— 


Name of Substance. 


Optical 

Activity. 

1-1 j = 

Constitution. 

Composition. 
Parts of 
Weight. 

a invertan. 

00 

-if 

(approx.) 

a 

A.S, 

$ invertan. 

22' S’ 
(approx.) 

+8o° 

(approx.) 



y invertan. 

00 

+ 45 ° 


A|»Sn 

9 invertan. 

00 

+ 54 ° 

n«s 

A||Sn 

• invertan. 

00 

+65° 


AjiSi, 

f invertan. 

00 

+ 75 ° 


A T S ftT 

4 invertan.. 

00 

+ 75 ° ( 7 ) 

V 

A t S H 


Nanle of Substance. 

Composition. 

According to Theory. 

Composition Found. 

C 

H. 

N. 

C. 

H. 

N. 

a invertan. 

m 

6*90 

8*30 

48*06 

6*65 

8 ' 3 S 

/9 invertan. 

3 a 

6*57 

363 

4641 

6*63 

3*69 

y invertan. 


6*54 

3*25 

45-62 

6-55 

3 # I 5 

8 invertan. 

4530 

651 

2*79 

4650 

6*82 

a *43 

« invertan. 

44*90 

6*47 

2*25 

44*45 

6*36 

2*07 

f invertan. 

44*40 

6*42 

1*59 

44*73 

6*40 

1*61 

f invertan. 

4378 

6*36 

0*76 

— 

— 

1*85 


Invertan is present in the majority of the species of Sac- 
charomyces, but not in all; thus Socc/l membrancefaciens and 
apiculatus are unable to invert cane-sugar. Among the Torula, 
too, there are species which are unable to invert cane-sugar. 
Certain of the moulds, notably Aspergillus niger , Penicilliutn 
glaucum, and Mucor racemcsus , secrete invertase, and therefore 
invert cane-sugar when grown in solutions of this substance. 

Fembach * has also investigated the nature and properties 
of invertan, but his results do not markedly differ from those 
of O’Sullivan and Tompson. 

* Antilles de l’lnstitut Pasteur, iv. (1890), pp. 1 and 641. 
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III. Peptase. —A peptonising ferment is very widely dis¬ 
tributed in the animal kingdom, and occurs in the form of 
" pepsin " in the pancreatic juice, &c., of all animals. It has 
the power of liquefying and degrading albuminoids, but only 
in an acid medium. Gorup-Besanez, Green, and others have 
shown that a similar enzyme exists in various vegetable 
tissues, and has the power of converting the albuminoids into 
peptones, leucin, and tyrosin. We have already mentioned 
that malt, and malt-extract also, contains an enzyme of this 
nature, which is capable of converting the separated coagulable 
albuminoids of malt into crystallisable compounds. The action 
takes place more readily in an acid fluid, and at a tempera¬ 
ture of about 45-50° C. (113-122 0 F.). At present we have no 
definite knowledge of the peptase or protco-hydrolytic enzyme 
of malt, or of the nature of its action, beyond the fact that the 
albuminoids arc degraded under its influence in much the 
same way as starch is under the influence of diastase. 

IV. CYTASE. —This is the name which we have authority 
for giving to the enzyme that brings about the dissolution of 
the cellulosic walls of the endosperm of barley. We have, in 
a previous section (p. 64), fully referred to the importance 
of the part it plays in germination and malting. It, like 
diastase, is secreted by the epithelium during germination 
and accumulates in the growing grain; it may be found in 
considerable quantity in green or air-dried malt, but as it is 
destroyed at a comparatively low temperature, it is only 
found to a very slight extent, if at all, in kiln-dried malt. 

Brown and Morris clearly proved by the growth of excised 
embryos upon sections of barley, potato, &c., the secretion of 
this enzyme by the epithelium of the scutellum, and the disso¬ 
lution of the walls of the starch-containing cells by its action; 
this dissolution always taking place prior to the attack of the 
diastase upon the starch-granules. 

A cold-water extract of air-dried malt, or the diastase pre- 

yurt from It, pomow «“ P OT, " ofdiss ° lvins “ Uulosic ' 
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walls of the starch-containing cells of all cereals and grasses. 
That this action is not due to the diastase is proved by the 
fact that previous heating of the solution to a point (6o° C.) 
which does not affect the amylo-hydrolytic action, entirely 
destroys the cyto-hydrolytic or cellulose-dissolving power of 
the solution. 

The most favourable temperature for the action of cytase 
is 40-45° C. (104-111° F.) ; at 50° C. (122 0 F.) it is markedly 
retarded, and at 6o° C. (140° F.), it is completely destroyed. 

The enzyme has not been isolated in a state of purity, or 
the product of its action determined, but it undoubtedly yields 
a soluble carbohydrate, which is readily assimilable by the 
growing embryo. 

III. Mineral Salts (and Ash). 

We have already referred to the mineral salts of barley and 
the changes they undergo during germination (p. 75). The 
mineral salts of barley naturally vary much according to soil, 
manuring, climate, and weather, but in all cases it is found that 
potassium and phosphoric acid arc the largest constituents. 
In 57 analyses* it was found that barley contained 1 *9 to 3*1 
per cent of ash, the mean being 2'61 per cent; 100 parts 
of this ash contain the following :— 


Minimum. Maximum. Mean. 

Totash. 11*40 32*20 20*92 

Soda . o*oo 6*00 2*39 

Lime . i*ao 560 2*64 

Magnesia . 5 *oo i** 7 o 8*33 

Oxide of iron. o*oo 4*70 1*19 

Phosphoric add. 26 00 46*00 35*10 

Sulphuric add . 0*00 3*90 i*8o 

Silica . 3‘7o 36*70 25*91 

Chlorine. 000 5*20 102 


The mineral salts of the malt partly (1 * 5 to 1 *7 per cent) 
pass into the wort and thence into the beer, where their presence 

• E. Wolff, • Ash Analysis,* Tart II., Berlin, 1880. 
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is necessary for the nourishment of the yeast For this purpose 
the potassium and phosphoric adds arc the most important, 
and here again it is found that these substances are the chief 
constituents of the ash of beer, Thausing giving the composi¬ 
tion of the soluble salts as:— 


Potash .. .. 

Soda .. .. 

Lime .. 
Magnesia 
Phosphoric add 
Silica .. .. 


41 *9 per cent. 

0-03 „ 

45 » 

2*2 „ 

3**5 » 

20*4 » 


It is clear from the above analyses that the main mineral 
constituent is some kind of potassium phosphate. Phosphates 
are necessary for the development of yeast, the yeast itself 
containing and therefore demanding them. In wort the 
phosphates, calculated as P a O», range from 0*074 to 0*197 
per 100 c.c. of wort The phosphates naturally extracted 
from a malt are as a rule sufficient (if not sometimes excessive) 
for the development of the yeast. The exact manner in 
which the phosphoric acid and potassium exist is unknown : 
the bulk would apparently be combined as a potassium 
phosphate; whilst it has been stated that part of the phos¬ 
phorus is loosely combined with some of the nitrogenous 
constituents of the wort. During boiling in the copper the 
loose combinations are split up, the liberated phosphoric 
acid going to form acid phosphates. Thausing ascribes to 
this the increase of acidity during boiling. 

W. Schultze* gives the following analyses of 29 barleys 
examined by him. 

Maximum. Minimum. Mean. 


Water . 17*03 13*43 I 5 *u 

Dry substance ,. 86*57 82*97 84*89 

In 100 parts of dry substance :— 

Starch value (starch, dextrin, 

&c.).67*72 61*97 64*14 

Nitrogen . 2*094 1*388 1*794 


• Zeitschrift f. d. gesammte Brauwesen, 1881, p. 90. 
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Maximum. 

Minimum. 

Mean. 

Albuminoids (N X 6*25) 

• >3*09 

8*98 

11 * 21 

Potash . 

0-697 

0-435 

0*610 

Soda . 

0*247 

0035 

0*107 

Lime . 

0-052 

0*029 

0*041 

Magnesia . 

0-363 

0*209 

0*229 

Oxide of iron. 

0*072 

0*012 

0*019. 

Phosphoric add. 

1*202 

0*872 

0*995 

Silica . 

0*894 

0*540 

0*712 


And 79 barleys analysed in 1885 in the Munich Laboratory 
gave the following results :— 


Starch . 71*00 54'2i 63*00 

Albuminoids. 13*75 8*87 10*79 

Phosphoric acid . 1*170 0*777 1*003 


The Chemical Valuation of Malt. 

In valuing malts upon the results of chemical analysis we 
are strongly of opinion that the main points to which attention 
should be drawn are, the amount of residual diastase in the 
malt, and the manner in which the starch is broken down 
under standard conditions of conversion. So far as the 
former point is concerned, the amount of residual diastase 
(or the diastatic capacity of the sample) will depend primarily 
upon the duration of kilning and the temperature at which 
it was conducted, the diastase, of course, varying inversely 
with duration and temperature. The approximate diastatic 
capacity required will vary according to the use to which the 
malt is intended to be put Thus, in the brewing of pale ales, 
where higher mash-tun heats are customary, we must have a 
greater amount of diastase than in malts intended for mild 
running ales. Colour of wort would in itself determine such 
a choice, since the paleness required for pale ales is, as a 
rule, only compatible with relatively light curing, and light 
curing must necessarily leave in the malt a relatively high 
amount of diastase. 

In the case of pale ale malts, we have found a diastatic 
capacity of 35 to 48 to give the best results. With lower 

M 2 
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capacities we are unable to use the relatively high mashing 
heats necessary for the production of the required type of 
maltodextrin (see p. 232); with higher diastatic capacities 
there must necessarily be a tendency to poverty of malto- 
dextrins, and consequent thinness and instability of the 
resulting beer. 

For mild ale malt, fair limits are 18 to 28; lower capacities 
rendering difficult the attainment of sufficient maltose in the 
wort; higher capacities necessitating higher mashing heats 
than are desirable for the production of the lower types of 
maltodextrin necessary in mild ale worts. 

The above capacities are those obtained by Lintner’s 
method, which is fully described in the analytical section. 

The diastatic capacities as given above are taken on pure 
soluble-starch of constant quality, and are therefore entirely 
independent of the behaviour, in respect to gclatinisation, 
of the starch contained in the same malt. But, as we know, 
the starch of a well-grown and that of an ill-grown malt will 
behave very differently with the same amount of diastase: 
the former being converted in unison with the amount of 
diastase, whilst the latter is stubborn, and is liable to yield, 
in spite of abundant diastase, an excess of maltodextrins, 
frequently of unduly high type. 

Now, if after having determined the diastase, irrespective 
of the accompanying starch, we cause the diastase to act 
upon that starch, and then determine the conversion products, 
we shall be put into possession of very useful knowledge 
concerning the state of that starch. If, for instance, we find 
that under standard conditions a given amount of diastase 
should yield, in the case of a well-grown malt, a given amount 
of maltodextrin; then, if we find in another sample the same 
or a higher amount of diastase, and yet a higher proportion 
of maltodextrin in the resulting wort made under the same 
mashing conditions, we are able to say that the starch in the 
second sample is stubborn, owing to imperfect changes on the 
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maltster’s floors; and since such stubborn starch is productive 
of serious troubles, we cannot lay too great a stress upon the 
importance of this point 

In the case of well-grown pale ale malts, the starch of 
which is sensitive to diastase, we find that we get from 9 to 12 
per cent of maltodextrin calculated on wort-solids under the 
mashing conditions described in the analytical section. If, 
therefore, we find, with a diastatic capacity of 35 to 48, the 
maltodextrins appreciably exceeding 12 per cent, we at once 
get evidence of stubborn starch, and the evidence will be more 
complete when the diastase exceeds the limits given. In pale 


ales the normal type of maltodextrin is generally | j 

In the case of well-grown mild ale malts, we find the 
maltodextrin yielded in accordance with the diastatic limits 
given above, amounts normally to from 15 to 21 per cent on 
the wort-solids; and again, any excess on the above per¬ 
centages would indicate the presence of refractory starch. 

The normal type in this class of malts is generally 1 2 D * 

Sometimes the maltodextrins will come out lower than 


would be anticipated from the diastatic capacity. This is 
relatively seldom the case, but when it happens it will be gene¬ 
rally found to be due to an excessive amount of " ready-formed 
sugars” in the malt: such an excess naturally tending to 
decrease the starch, and therefore the starch-products, nialto- 
dextrin among them. The normal percentage of these ready- 
formed sugars is about 12 to 14 per cent, (calculated on the 
malt), but we have known them amount to 20 and even 24 per 
cent In the latter case the starch would be reduced by 
about 12 per cent, and the maltodextrins by 2 or 3 per cent 
We have found that such abnormally high rates of ready- 
formed sugars point to a forced growth on floors, that is to 
say, to a vegetation conducted at excessive temperatures and 
with excessive sprinkling liquor, especially towards the close 
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of the process. When malt is loaded too wet, this action 
seems to be continued on the kilns for some little time. 
Malts containing this excess of ready-formed sugars give bad 
results in brewing; whether their defects are entirely due to 
the substitution of a portion of the dextrin and maltodextrin 
by fermentable sugars, or whether they are in part due to an 
excessive change in the nitrogenous constituents, accompany¬ 
ing an excessive change in the starch, we are not in a position 
to say. But experience has shown us that when the ready- 
formed sugars of a malt exceed 16 per cent, the results in 
practice are unsatisfactory. 

An exception must be made, however, in the case of very 
highly dried malts which have suffered caramelisation. Such 
malts yield large amounts of ready-formed sugars, without a 
forced growth being necessarily indicated. For in this case 
the heat will have affected a portion of the starch, the 
resulting caramelisation products being soluble in cold water, 
and hence they would be included in the ready-formed sugars. 

When these constituents are abnormally low (say under io 
per cent., calculated on the malt), we get evidence of an 
insufficient vegetation. But where this is the case belter 
evidence of it is afforded by the determination of the malto¬ 
dextrin in the wort made from the malt under standard con¬ 
ditions. 

So far as the albuminoids are concerned, we are strongly 
of opinion that in the present state of our knowledge no 
importance can be attached to the percentage of either the 
soluble or the insoluble portions of them. Nor do we regard 
the methods at present at our disposal for separating the 
nitrogenous constituents into various groups as sufficiently 
reliable to serve for purposes of valuation or interpretation. 
We generally find, however, that the amount of diastase, and 
the manner in which the starch breaks down under it, affords 
a sufficient indication of the suitability or unsuitability of a 
malt for brewing purposes, irrespective of reference to the 
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albuminoid question; whether it is that the albuminoids arc 
really of minor importance, or whether it is that their harm- 
Icssncss or liarmfulncss is really connoted by satisfactory or 
unsatisfactory starch conversion, we regard as a matter of only 
academic interest 

Doubtless due regard must be had to mould, and obvious 
defects of that sort; for a mouldy malt must be bad, affording 
nutriment to bacteria introduced at the later stages, whether 
the diastase and the starch conversions are satisfactory 
or not. 

The percentage of water in a malt will vary with its age. 
Anew malt just off the kiln should contain not more than 1} 
per cent, of water, and it will generally contain less ; and well 
stored old malt should not yield more than 3 to 4 per cent 
The higher limit here shows incipient slackness, and such malt 
should be redried. When the water exceeds the above limit 
it will certainly be slack, and redrying will be imperative. 

The acidity of malt does not vary as a rule beyond very 
narrow limits; about o* 18 per cent, calculated on tlic malt 
being an average for the total acid calculated as lactic acid. 
When the acidity greatly exceeds this, it raises suspicion as 
to the storage-conditions of the malt, and its original quality, 
but we have no reason to think that the acid qua acid is operative 
for harm. The acid is usually greater in a slack malt than 
in a dry one. While any excess of acidity will invariably be 
accompanied by other results indicating defects, the majority 
of really defective malts contain no excessive acidity. 

To the other constituents, as determined by analysis, we 
attach no importance ; the ash, for instance, is merely useful 
in calculating the ready-formed sugar, and much or little 
of it is of no apparent moment 

Wc attach the greatest weight to the determinations of 
the diastase, and the analysis of the conversion products, and 
we believe that no accurate opinion of a malt can be formed 
without some such analytical test, however great the experi- 
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ence of the purely practical man who endeavours to value it 
At the same time we arc free to confess that we do require 
practical experience in addition to analytical data, if we arc 
to judge malt in the most perfect way. The friability, the 
appearance, the freedom from mould, uniformity of vegetation 
and colour, &c, are all obviously important points which do 
not perhaps demand very much experience; but the flavour 
of a malt is, perhaps, of all practical points the most important, 
and it does certainly require experience to decide definitely 
as to the satisfactory or unsatisfactory nature of a malt in this 
respect To attempt to explain in words what constitutes a 
good and what a bad flavour is a quite impossible task, and 
one we shall not attempt; but we cannot too strongly urge 
brewers and analysts to carefully taste every sample with 
which they may have to do, and then collate for themselves 
their own record of flavours, and what these flavours mean 
in practice. 



( *$9 ) 
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CHAPTER III. 

MALT SUBSTITUTES. 

INTRODUCTORY. 

The majority of English brewers displace a certain propor¬ 
tion of their malt by substances which are known as malt 
substitutes or malt adjuncts. These consist principally of 
sugars, and prepared and unprepared cereals. Taking the 
sugars first, those in most general use are, invert-sugar, glucose, 
and cane-sugar. The object of using these sugars is not, as is 
usually supposed by the general public, an economical one, 
since, taken as a class, they are more expensive than their 
equivalent of malt Their popularity must rather be ascribed 
to the improvement in the finished beer with which their 
employment is credited. That they do, as a rule, effect an 
improvement is an undoubted fact; but its exact reason is 
by no means thoroughly understood. The most obvious 
difference between them and malt lies in the fact that they 
contain either no nitrogen at all, or only traces of it; and 
it has been long supposed that the reduction of the percentage 
of nitrogenous bodies in a wort results in its increased 
soundness. We are not prepared, however, to consider that 
this in itself affords a sufficient explanation, if any, of the 
benefits to which the use of sugar leads. In the first place, 
the nitrogen percentage in different worts varies within ex¬ 
ceedingly wide limits; and, secondly, many all-malt worts, 
which have given inferior beers, have shown on analysis far 
less nitrogen than worts partially brewed with sugar, and 
which gave beers of good character. The theory that the 
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superiority of beer varies indirectly with the nitrogen per¬ 
centage of the wort is in fact entirely objectionable. 

It is usually asserted that a proportion of sugar gives 
sounder beers than malt alone. We are, however, not pre¬ 
pared to say that such is the case. It is at any rate significant 
that many brewers who habitually use sugar for their general 
run of ales, still brew their stock ales from malt only; and 
in so doing we consider that they act wisely. The use of 
ordinary sugar reduces the proportion of maltodextrin, and 
for stock beers any such reduction is to be deprecated for 
reasons that will be fully set out in Chapter V. It seems to 
us, however, that the use of sugar is capable of conferring special 
benefits in the brewing of mild ales, semi-stock ales, and stouts. 
In the first place, sugar-brewed beer will clarify more rapidly 
than all-malt beers. That such is the case is a matter of 
everyday practical experience, and the reason for it probably 
lies in the reduction in the viscosity of the beer and of the 
wort, owing to the substitution of some of the dextrin and 
maltodextrin by fermentable sugars. This reduction in 
viscosity means a more ready elimination of yeast in the 
fermenting vessel, and afterwards in the cask, as well as 
greater freedom for the operation of the artificial finings when 
these come to be added. 

But the main point about sugars is that they give beers of 
a distinctive flavour—a fuller, sweeter flavour, and one which 
happens to be liked at present by the beer-drinking public. 

In talking of sugar in this way we refer to them as brew¬ 
ing materials, and not as priming. As priming they have a 
special and distinctive use, so far as rapid conditioning is 
concerned, which has nothing directly to do with brilliancy 
or stability. 

It has appeared to us that, to be able to use sugars with¬ 
out reducing stability, they should contain at least such a 
proportion of maltodextrin as is usually contained in beer 
wort. In that case they could be used in stock ales, and 
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probably to the benefit of such ales; since the partial dis¬ 
placement of what is after all a more or less uncontrollable 
malt-extract, by a controllable carbohydrate mixture of 
fermentable sugars and maltodextrins, could not fail to give 
the brewer greater knowledge as to what he was producing. 
It is with that object that researches were instigated, which 
have resulted in the production (under the patent of Messrs. 
H. T. Brown and the authors) of brewing sugars containing 
varying proportions of maltodextrins or amylolns. 

In the ordinary way the malt substitutes are added either 
to the under-back, the copper, or the hop-back, and they 
thus become an integral part of the wort submitted to fermen¬ 
tation. But it is also a very common practice to add sugar 
solutions to the finished beer in cask. This addition consti¬ 
tutes priming, the object of which is to artificially promote 
a rapid conditioning of the beer. During the main fermentation 
practically the whole of the maltose and other fermentable 
sugars have been fermented away; the carbohydrate residue 
consisting of maltodextrins and dextrin. The former arc 
slowly hydrolysed under the influence of certain types of 
secondary bottom yeasts, which operate during storage. 
Maltose is produced, and, as it is produced, it ferments, thus 
giving rise to the necessary condition. This is “ condition ” 
naturally produced. But to obtain it we require the secon¬ 
dary types of yeast to be present in sufficient quantity; this is 
nearly invariably the case, but we have to allow time for 
them to come into operation. When, however, we add 
fermentable matter to the beer, we obtain a fermentation 
of the added sugar through the agency of the residuary 
primary yeast In that case we make no call upon the 
secondary yeasts, either in respect of their degrading influence 
upon the maltodextrins, or upon their subsequent fermenting 
activity; and, as might be anticipated, we get a very rapid, if 
somewhat transient, cask fermentation from the addition 
described. 
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Priming is adopted in some parts of the country to impart 
greater fulness and sweetness to beers. This, however, is 
merely demanded by considerations of local palate and local 
economy, and need not concern us further. For purposes of 
promoting condition, priming is deservedly popular. Indeed 
some brewers who use no sugar before fermentation, freely 
avail themselves of sugar added as priming syrup. 

Cane-sugar. 

The cane-sugar in general use by brewers is derived from 
the sugar-cane, and from the white beet Pure cane-sugar, 
derived from either source, is necessarily of the same 
constitution, and possesses the same properties. In brewing, 
cane-sugars are not, as a rule, used in a state of chemical 
purity, but only in a more or less refined condition. In this 
state the sugars are associated with substances derived from 
the raw material, and from which the refining process has not 
entirely freed them. The foreign substances which accompany 
partially refined sugars derived from the cane do not seem to 
possess such a deleterious influence as the substances which 
similarly accompany beet-sugars in the same stage of partial 
refinement 

Cane-sugar, as such, is not fermentable, and when cane- 
sugar is used as a malt substitute, it is converted by the yeast 
which it meets in the fermenting vessel into another sugar called 
invert-sugar, which consists of equal molecules of levulose and 
dextrose: both of these sugars are readily fermentable. The 
change of cane-sugar into invert-sugar by means of yeast is 
due to the action of a soluble-ferment secreted by the yeast, 
and termed invertase (p. 155), which acts upon cane-sugar in 
a manner analogous to the action of diastase upon starch- 
paste. The inversion of cane-sugar precedes the fermentation 
of the invert-sugar. It will thus be seen that when cane-sugar 
is used as a malt substitute, the brewer is really using invert- 
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sugar. It cannot be denied that, except in very special cases, 
it is better to have the cane-sugar inverted prior to fermentation, 
either by the manufacturer, or on the brewery premises. 

Cane-sugar is, however, popular in certain classes of beers, 
especially in the production of full and heavy mild ales and 
stouts. In such cases, only low-grade sugars are employed, 
and their popularity in this respect is ascribable to the 
full lusciousness which sugar of this kind gives. The 
lusciousness is, however, a property of the impurities which 
accompany the sugars, and not of the sugars themselves. 

Unrefined and partially refined cane- and beet-sugars are 
distinguishable in several ways, flavour being one of them; 
beet-sugars imparting a salty and somewhat unpleasant taste. 
In an analytical examination the following points indicate 
beet-sugar:— 

(1) Little or no glucose as compared to cane-sugar. 

(2) Low percentage of phosphoric acid in the ash. 

(3) High percentage of soda in the ash. 

The following are some analyses of cane- and beet-sugars 
and molasses:—* 


— 

Cane- 

sugar. 

Glucose. 

Extractive 

matters. 

Insoluble 

matters. 

Ash. 

Water. 

West India. 

94*4 

3*3 

o *3 

B 

0*3 

3*8 

»» pieces .. .. 

87-7 

6*0 

o *5 


0*8 

5 *o 

»» bastards .. .. 

683 

15*0 

1*3 


1*5 

14*0 

Beet'tngar. 

89*15 

— 

3*96 

B 

2*63 

4*36 


95*7 

o *3 

o *4 


i*6 

3*0 

Date sugar. .. 

95*4 

i*8 

o *4 

1*7 

0*3 

o*8 

99 lump • • • • 

97’3 

°*5 

— 


0*3 

3*0 

Golden syrup . 

39*6 

33 *o 

3*8 


3*5 

33*7 

Green syrup. 

63*7 

8-o 

o*6 



37*7 

Molasses . 

48*0 

18*0 

i *5 



3**1 

Treacle. 

3 **5 

37*3 

3*5 



33*4 

Beetroot molasses 

50 9 

A _ 

ri 

1 

16* 1 

| 


19*0 


* Allen, ' Commercial Organic Analysis.’ 
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The following are analyses' of the sulphated ashes of beet 
and cane-sugars:— 



Cane.* 

Beet.f 

Potash . 

.. .. 28-79 

34*19 

Soda. 

.. .. 0*87 

‘ II * 12 

Lime. 

.. .. 8 83 

3* 60 

Magnesia. 

.. .. 2*73 

0*16 

Ferric oxide and alumina 

.. .. 6*90 

0-28 

Sulphuric anhydride 

.. .. 43 6 s 

48-85 

Sand and silica. 

.. .. 8-29 

i- 7 8 


100*06 

99-98 


The difference in phosphoric acid in the ash of cane-sugar 
and beet-sugar is shown in the following analyses :— 


Phosphoric acid (anhydrous) 

Potash . 

Soda. 

Lime. 

Magnesia. 

Sulphuric acid (anhydrous) 

Carbonic acid. 

Chlorine. 

Silica. 

Iron and alumina .. 


Cane.* 

Beet 4 

5*59 

— 

29*10 

25*65 

i *94 

2J *62 

15*10 

6*53 

3*76 

— 

23*75 

•7-63 

4*06 

22*87 

4*15 

4-48 

12*38 

0*72 

1*20 

— 

101*03 

99*50 


Invert-sugar. 

Invert-sugar is the most largely used of all malt substi¬ 
tutes. On the commercial scale it is prepared by dissolving 
raw cane-sugar in water, adding a small quantity of sul¬ 
phuric acid, and boiling the mixture, either with or without 
pressure, until the cane-sugar is almost completely con¬ 
verted into invert-sugar. The sulphuric acid is then neutral¬ 
ised with whiting, and the main portion of the gypsum 

• Schcibler, Stammer’s Johrcsbericht, iv. p. 225. 

t Wallace, Chemical News, xxxvii. p. 76. 

X Macdonald, Chemical News, xxxvii. p. 127. 

§ Ibid. 
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so formed allowed to subside. The remainder of the gypsum 
and other impurities are then removed by evaporation and 
passage through animal charcoal. The final product is a 
bright, light-coloured syrup, which, after a time, sets into a 
more or less colourless, opaque mass. The change that takes 
place when cane-sugar is boiled with acid, and when it is 
subjected to the action of invertase, is one and the same, and 
is an example of hydrolysis; i.c., an assimilation of water 
attended by a splitting-up of the molecule. The change may 
be expressed by the following equation :— 

C t <H a O„ + OH, = C,H„0, + C,H„0, 

Cane-sugar. Dextrose. Lerukwe. 

The “ setting” of the liquid invert-sugar to a honey-like mass 
is due to the separation of dextrose in a crystalline form. 
It is, however, only relatively high-class sugar that will 
readily set in this way. When the sugar contains an excess 
of potash salts, the dextrose refuses to crystallise, and the 
invert-sugar retains its syrupy consistence, at any rate for 
sonic time. Abundance of potash salts indicates the ab¬ 
straction of sugar crystals prior to inversion ; in other words, 
the use of inferior raw material 

Invert-sugar reduces Fehling’s solution. Its cupric-oxide 
reducing power is * = 96*6; i.e., it reduces a slightly smaller 
amount of Fehling’s solution than does dextrose. It is laevo- 
rotary, since levulose has a stronger laevo-rotary action than 
dextrose, which is dextro-rotary, and the sugars are formed in 
equal proportions. Both dextrose and levulose arc ferment¬ 
able, but they arc not equally so. As will be seen from the table 
given below, dextrose is distinctly more fermentable than 
levulose. Bourquelot has proved that dextrose is morediflusible 
through a moist membrane than levulose, and it will there¬ 
fore be seen how this explains its more ready fermentability 
by yeast. The sugar to bo fermented must diffuse through 
the cell-wall of the yeast, and consequently that sugar which 
the more readily diffuses, will be the more readily fermented. 
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Bourquelot has also proved that, although inferior to dex¬ 
trose in difTusibility and fermentability, levulose is more 
diffusible, and therefore more fermentable, than maltose. 
This disposes of the assertion that the levulose of invert-sugar 
survives the fermentation and passes into the beer, imparting 
fulness to it; for since during the fermentation the maltose 
has disappeared, there can certainly be no levulose left in 
the fermented beer. 


Time in hour*. 

Rotation. 

Dextrose 
fermented per 
too c.c. (agios.) 

Levulose 
fermented per 
100 c.c. (mgmt.) 

Difference 

(ingins.) 

O 

Degrees. 

-112 

O 

O 

O 

20 

-II4 

557 

279 

278 

40 

-no 

968 

532 

436 

64 

-102 

1196 

721 

475 

86 

- 88 

1392 

942 

450 

I08 

- 72 

1616 


422 

130 

- 56 

1796 

■ppL'2 Silii 

373 

158 

— 26 

1970 

pFiH 

203 


Used as priming, we can understand how the levulose of 
invert-sugar would only slowly undergo fermentation, and 
thus give rise to a more persistent and gradual fermentation, 
accompanied in the early stages by considerably more fulness 
and sweetness, than when dextrose only is used as the priming 
agent It has been said that invert-sugar is almost completely 
fermentable. In its pure state it would be completely so, 
but during the process of manufacture certain unfermentable 
decomposition products are formed, which in low-class samples 
constitute an appreciable percentage of the total. 

These decomposition products vary according to the 
material used and the skill displayed in manufacture. Even 
in the best samples they occur in small quantities, due to a 
slight decomposition of the levulose into levulinic acid. This 
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in itself, is perhaps unimportant, but Conrad and Gutzeit have 
pointed out that prolonged boiling with acid further reduces 
the levulosc to humin bodies, which if not harmful, arc 
certainly absolutely valueless. These bodies would be 
specially formed when the material used was stubborn in 
inversion, and when, therefore, the boiling had to be pro¬ 
tracted, or more acid used. This is the case when low-class 
syrups and beet-sugars are taken as the raw material; the 
formation of these humin bodies is therefore a reflection on 
the quality of the raw material used for the manufacture of 
the invert-sugar. 

In choosing samples of invert-sugar, the brewer generally 
has a selection of different shades, varying in price, the palest 
being the most expensive. This paleness is obtained by more 
efficient charcoal filtration, which, besides eliminating the 
colour, also eliminates impurities, more especially the nitro¬ 
genous impurities of the original sugar. As has been before 
stated, samples of invert-sugar which will set are preferable 
to those which will nob Care must, however, be exercised to 
discriminate between the true setting of a pure invert-sugar, 
and an artificial solidification produced by mixing this sub¬ 
stance with glucose. Analysis is required to detect this 
intermixture. 

Apart from colour and consistence, commercial invert- 
sugars vary in their constituents to an appreciable degree, and 
analysis can, within certain limits, determine the proportions 
which indicate good or bad quality. In good samples there 
should not be more than 2-3 per cent of uninverted cane-sugar 
—larger proportions, though not detrimental in themselves, 
denoting the employment of slowly-inverting inferior beet—or 
low-class cane-syrups, from which the more readily invertible 
crystals have been abstracted. In samples made from syrups we 
should also expect to find an excess of mineral substances, 
because these are contained in far larger proportion in the syrups 
than in good raw sugars, and it is safe to say that the ash of 

N 
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a good invert-sugar should not exceed 2 * 5 per cent It is not 
possible in commercial analysis to determine the humin sub¬ 
stances to which we have referred, but some idea as to their 
presence may be arrived at by adding up the percentages of 
cane-sugar, invert-sugar, ash, albuminoids, and water, and 
subtracting the total from 100. This difference in good 
samples should not exceed 3 per cent, and in the best samples 
there is hardly any difference at all. At the same time no 
hard and fast rule can be laid down as regards these figures. 
The quantity which would not denote inferiority in one sugar 
might do so in another. These considerations must be weighed 
conjointly with the percentage of ash, albuminoids, cane-sugar, 
&c., and must not be taken by themselves. The following 
are typical analyses of two classes of invert-sugar:— 


— 

Good 

Invert-sugar. 

Inferior 

Invert-sugar. 

Invert-sugar. 

75**3 

6053 

Cane-sugar . 

o* 9 S 

8*56 

Ash. 

I* l6 

5*53 

Albuminoids. 

078 

1*89 

Water . 

I923 

13-77 

Other matter. 

**65 

9.72 


100*00 

100*00 


It has lately become somewhat common amongst brewers 
to invert their cane-sugar themselves. In so doing there arc 
some advantages, especially of an economical order. There 
are two processes in vogue, one of which is a copy of the 
manufacturing process on a small scale, but in which, of 
course, filtration through charcoal, and evaporation, are 
omitted. The second, introduced by Tompson, consists in 
utilising the invertive capacity of yeast for the purpose of 
inversion, suitable temperatures being chosen in order to gain 
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a maximum inversion in a minimum of time, and to prevent 
fermentation. The invcrtasc is not separated from the yeast, 
but ordinary brewers' yeast is simply added to the sugar solu¬ 
tion at a suitable temperature (133° F.), and after inversion the 
fluid is run into the copper to be boiled with the wort The 
yeast so added is precipitated during the boiling of the wort 
in the copper, and is therefore left behind there, or in the 
hop-back. As no boiling is necessary during inversion, there 
is no deepening of the colour of the solution. The process is 
certainly far simpler and more effective than the inversion of 
cane-sugar on the brewery premises by acid, and one of its 
advantages is that there can be no formation of the humin 
products previously referred to. The humin bodies are 
abundantly produced, however, when the brewer inverts the 
sugar by the add process, and in the absence of skilled 
superintendence. Not only is much of the sugar lost in this 
way, but there is a considerable increase of colour, due to the 
transformation of a portion of the sugar into caramel. Any 
increase of colour is to be avoided, for it demands the use of 
paler and therefore in many cases less sound malts. 


Glucose. 

The word glucose is really a generic term given to members 
of a class of sugars which comprise both dextrose and levulosc, 
but in commerce it is applied to the various commerdal forms 
of dextrose, and which, as we have seen, constitutes one-half 
of invert-sugar. Commercial glucose is prepared by a process 
somewhat similar to that for the preparation of invert-sugar; 
but instead of cane-sugar being employed as a raw material 
some form of commercial starch is used 

When starch is boiled with dilute sulphuric add, either 
with or without pressure, it is rapidly hydrolysed into 
dextrin and maltose, which in turn, are rapidly further 

N a 
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hydrated into glucose. The following equations represent 
these changes:— 

jfC| S H M Oit + HjO = C| f H n Ou + mC||H m Ou 
Starch. Maltose. Dextrin. 

ifCuH^O^ + 2«H s O =• 2 »C ( H u O| 

Dextrin. Glucose (dextrose). 

+ H f O = 2C|H lt O| 

Maltose. Glucose (dextrose). 

The proportion of these carbohydrates in commercial 
samples depends upon the concentration, the quantity of 
acid, the temperature, and the time employed in the conver¬ 
sion. It is possible, by stopping the reaction at an early 
stage, to obtain a product containing but little else than 
dextrin, whilst a product consisting almost entirely of 
dextrose is obtained by allowing the conversion to proceed to 
its ultimate limits. As in the case of invert-sugar, the acid is 
neutralised by whiting, the gypsum separated by filtration, 
the liquid passed through charcoal and then evaporated ; 
the concentration in the case of glucose being as a rule 
greater than with invert-sugar. The materials used for 
the preparation of glucose in this country are maize, sago, 
and rice, and these cereals are, as a rule, subjected to some 
purifying treatment before being converted, in order to ex¬ 
tract as far as possible nitrogenous, oily, and other foreign 
matters. This is particularly necessary in the case of maize, 
which in its natural state contains about 7 per cent, of oil. The 
oil and other impurities, if allowed to enter the converting vessel, 
are acted upon by the sulphuric acid, with the formation of 
substances of an unpleasant flavour, which would be imparted 
to the beer when the glucose was used in brewing. The 
preparatory purification of the cereal is all-important, and it 
is due to a want of sufficient care in this direction that many 
commercial glucoses are far from satisfactory. 
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Glucose, as it is sold to the brewer, is in small solid blocks, 
which contain, as a rule, besides dextrose, a certain proportion 
of maltose, from 2-8 per cent of dextrin, about I per cent, of 
nitrogenous matter, and I *5 per cent of ash. Dextrose is not 
decomposed, under ordinary circumstances, by the action of 
adds as much as levulose. By the protracted action of boiling 
add, however, humin substances are formed, and under certain 
ill-defined conditions, a particular carbohydrate, called gallisin, 
is produced, to which we shall subsequently refer. 

Potatoes are also used as the raw material for glucose; 
either mixed with the cereals, or alone. Continental glucoses 
are especially likely to be prepared from this source. Potato 
glucoses are to t be condemned, for no treatment seems to en¬ 
tirely free them from injurious alkaloidal bodies derived from 
the potatoes. 

From the researches of Bourquelot, we know that dextrose 
is exceedingly fermentable, being more so than levulose, and 
as levulose is more so than maltose, it would therefore be 
assumed, at first sight, that the use of glucose as a malt sub¬ 
stitute would lead to exceedingly low attenuations. This is, 
however, not borne out by practical experience, and it seems 
without doubt that the high attenuations occasionally obtained, 
when using large proportions of some forms of glucose, are 
due to the large quantities of the unfermentable gallisin the 
samples contain. It might, at first sight, be thought that the 
dextrin in glucoses would account for this observation, but 
dextrin is, as a rule, only present in small amounts, far less 
than ordinary analysis would lead us to suppose. In the 
ordinary commercial analysis of glucose, the maltose is not 
determined, and it becomes erroneously included, partly in 
the percentage of dextrin, partly in that of dextrose. When 
the maltose is separately determined, the dextrin percentage 
is shown to be small, as the following analysis of glucoses by 
Valentin will show. 
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— 

No. 1. 

No. a. 

No. 3. 

No. 4. 

No. 5. 

Dextrose. 

80*00 

58-85 

< 7*44 

63-4* 

61*46 

Maltose.. .. 

None. 

I 4 *H 

10*96 

* 3*50 

13*20 

Dextrin . 

None. 

1*70 

None. 

None. 

None. 

Unfermentable carbohydrates 
with a little albuminoids .. 

8*20 

93* 

4*30 

8*40 

8*60 

Mineral matter. 

i*30 

1-40 

i*6o 

1-50 

i*6o 

Water . 

10*50 

14-56 

15*70 

13-18 

15*20 


100*00 

100*00 

100*00 

100*00 

100*00 

Total solids . 

89-5° 

85*44 

84-30 

M 

84-80 

Matter of use to the brewer .. 

80*00 

74-66 

78-40 

m 

74-60 


The following analyses (quoted by Allen in his 'Com¬ 
mercial Organic Analysis,’ page 346) of the same sample of 
glucose, the first analysed in the usual inaccurate way, and the 
second including the determination of maltose, will clearly 
show to what serious errors in the dextrin proportions, omission 
of the maltose determination may give rise to:— 



A. 

B. 

Water . 

.. 17*77 

17*77 

Mineral matter . 

0*63 

0*63 

Glucose. 

.. 72*60 

64-94 

Maltose. 

.. — 

12*35 

Dextrin.. 

9*00 

4*31 


100*00 

100-00 

Total solid matter .. .. 

- 83-33 

83-33 


From these figures it is very evident that the small amount 
of dextrin is not responsible for the unfermentability of some 
glucoses ; it is rather to the gallisin that we must look for an 
explanation of this fact 

The following analyses by one of us show the composition 
of maize glucoses, when due allowance is made for the 
presence of gallisin :— 
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A. B. C. 

Deatrae.50*58 48*84 47*71 

Mallow. 14*19 14*88 12*39 

Dextrin. 1*76 1*80 2*98 

Calllata. •• .. 15*59 14*71 15*90 

A** 1 . 1*44 1*36 1*39 

Albuminoid*. 1*18 o*86 0*81 

Water .16*49 >8*84 20*77 


101*23 101*29 101*85 


The quality of a commercial glucose can be judged by 
the following analytical standards: the dextrose and maltose 
should together exceed 80 per cent, the dextrin should not 
exceed 3 per cent, the albuminoids 1 * 5 per cent., the correct 
proportion of gallisin can only follow a much more extensive 
knowledge of the properties of this substance than now 
exists, and there should not be more than a trace of fatty 
matter; the solution should be bright and throw down a 
flocculent rather than a powdery deposit, and the moisture 
percentage should not exceed 11 per cent; the colour should 
be pale, and the mineral matter, albuminoids, maltose, dex¬ 
trose, dextrin, gallisin, and water should add up to within 
1-2 per cent of 100. 

When glucose is used for priming purposes, and is free 
from gallisin, it ferments very readily indeed, giving, there¬ 
fore, condition in a very short time. The fermentation is, 
however, soon over, for there is no carbohydrate reserve, 
gallisin, so far as we know, not being attacked by yeast, either 
primary or secondary; or if it be so, it is affected only after 
very protracted storage. 


Raw and Prepared Grains. 

The repeal of the malt-tax and the consequent inaugura¬ 
tion of the free mash-tun, gave to brewers the right of 
employing a number of malt substitutes which before this 
time were inadmissible ; and some brewers have taken advan- 
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tage of this permission to brew with raw, unmalted grain, and 
with grain which has been subjected to some form of pre¬ 
paratory treatment At the present time, barley, rice, and 
maize, are the only forms of grain at all largely employed by 
brewers. Rice, on account of its cheapness, its high proportion 
of starch, and its freedom from soluble nitrogenous matter and 
oil, being by far the most popular of the three. Untreated rice 
is, of course, the husked rice as it enters this country; the 
average percentage composition of which is as follows:— 

Water.14*41 percent 

Nitrogenous matter .. 6*94 „ 

Fat . 051 „ 

Ash. 0*45 „ 

Crude fibre . 0*08 „ 

Starch .77*61 ,, 

Rice may, therefore, be regarded as containing but little 
matter other than starch, and it becomes necessary to see 
how this starch is utilised for the brewery as an extract- 
yielding material. In a preceding chapter it was stated 
that the starch-granules are contained in cells, the cellulosic 
walls of which it is necessary to rupture before the granules 
can be acted upon by diastase, and it is also necessary to 
rupture the granules themselves by gelatinisation with hot 
water, or other means. It will also be remembered that the 
process of malting liberates the starch-granules from the cells 
by the dissolution of their cell-walls, and renders them more 
sensitive to the influence of heated water, and that the com¬ 
paratively low mashing heats adopted by brewers are 
sufficiently high to effect the gelatinisation of malt-starch. In 
treating raw rice, however, higher temperatures are necessaty. 
Pure rice-starch, as before shown, gelatinises at 142 0 F.; but 
in order to rupture the walls of the starch-containing cells 
and gelatinise the rice-starch as it exists in the grain, boiling 
water is necessary. 

Raw rice is generally used as follows :—The rice is mashed 
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in a vessel provided with rake machinery, and in such a 
position as to command the mash-tun. The rice is mashed 
with hot water, and the whole heated to the boiling tempera¬ 
ture by free steam. After the rice is gelatinised, the mass is 
allowed to cool to 190° F., a little malt-flour is added, and the 
whole then run into the mash-tun as soon as possible after 
the malt-mash is made. The conjoint malt- and rice-mashes 
are now allowed to stand together. 

The malt-flour is added to prevent the gelatinised starch 
from "setting.” At the temperature at which it is added 
the saccharifying action of the contained diastase must be 
destroyed; but we know that at 190-200° its liquefying action 
is still appreciable. The quantity of malt-flour added is small, 
and the liquefaction of the rice only incomplete; so that 
in practice it is necessary to run the rice-mash into the 
mash-tun at about 200° F., to prevent it setting, which would 
tender its removal to the mash-tun impossible. The hot rice- 
mash is now mixed with the malt-mash, the temperature after 
mixing being about 158-160°; the gelatinised rice-starch 
is then acted upon by the superfluous diastase of the malt, 
and converted into the usual products. 

It cannot be denied that this system is one which has 
given very excellent results, and which in all cases must have 
certain specific advantages. But on the whole we believe 
that it possesses serious disadvantages, which in the case of 
many breweries arc so marked as to counterbalance the 
benefits which may accrue from its adoption. The advantages 
are these:—The rice-mash is exceedingly pale, and we may, 
therefore, either produce with normal malt exceedingly pale 
beer, or we may produce a normally pale beer from higher 
dried, and therefore presumably sounder, malt Beers brewed 
on this system, too, fine very rapidly, while the flavour is ex¬ 
ceedingly clean; so clean, indeed, that it almost amounts to a 
thinness which in many parts of the country would constitute 
a serious disadvantage. This, however, is a disadvantage of 
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a purely local character, and must not be confused with the 
disadvantages which must always, more or less, apply. It 
will be remembered that it is an absolute necessity to run 
the rice-mash into the mash-tun at a temperature not appre¬ 
ciably below 190-200° F., it therefore follows that unless 
our malt-mash is at an abnormally low temperature we shall 
obtain a mixed mash at so high a temperature that the 
diastase cannot get through the extra work imposed upon 
it by the rice-starch. It is therefore clear that the malt must 
be mashed at a low temperature, and in fact a temperature 
verging on 140-143 0 F. is that actually chosen as the goods 
heat of the malt-mash. 

Now, in the last chapter special stress was laid upon the 
fact that the conditions of the first twenty minutes really 
decide the type of wort we arc to get; and as the rice-mash 
cannot practically be got into the mash-tun under twenty 
minutes from the time of starting the malt-mash, it follows 
that the type of wort we get is really one decided by the 
condition of the malt-mash, that is, a wort mashed at a low 
temperature. 

The result of these conditions is, then, that the malt 
diastase being relatively lightly restricted, owing to the lowness 
of temperature, will convert the malt-starch so completely as 
to leave but very little maltodextrin in the wort The residual 
diastase will then attack the rice-starch now run in, which, 
owing to its previous treatment in the upper vessel, will offer 
no resistance to its converting power. As we shall presently 
see (Chapter V. p. 240), this starch will be converted by the 
residual diastase to the same low point as was the original 
malt-starch; and since the malt-mash was so completely 
converted as to leave but an insufficient amount of malto- 
dextrin, it will follow that the maltodextrin in the rice- 
mash will be similarly deficient The result then is a final 
wort defective in maltodextrins. This defectiveness is fatal 
to the stability of the beer, as will be fully explained in 
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Chapter V.; and it is to this ground that we attribute the 
inferior stability of rice-brewed beers, made on the above lines. 

When maize is used as a malt substitute, it is necessary 
to remove from it the oil, which, from the following analysis, 
it will be seen to contain in a prohibitive proportion :— 


Water . 

.i7*ioper cent 

Starch .. .. .. 

.. .. 59*00 

»» 

Albumin.. 

.. .. 12*80 

»* 

Oil . 

.. .. 7*00 

** 

Dextrin and sugar .. •• 

.. .. 1*50 

vv 

CeQuloae. 

.. .. 1*50 

ft 

Ash. 

.. .. 1*10 

ft 


The oil is mostly contained in the germ, and if this is 
removed, we consequently almost entirely remove the oil. 
The maize used in brewing, therefore, is mostly dc-germed 
by an ingenious milling process. While giving a fuller- 
tasting beer than rice, its use is always attended by the 
same disadvantages to which we referred at length in treating 
of that cereal. 

Sago and millet, and unmalted barley, arc also used in a 
similar way, but they are not liked so well as rice, the advan¬ 
tages and disadvantages of which apply equally to these other 
cereals. 


Treated Grain. 

Within the last year or two the use of unmaltcd grain in 
brewing has been facilitated by some preparatory form of treat¬ 
ment, which consists in the previous steeping and torrefaction 
of the grain; by this means the starch-granules are modified, 
and rendered more sensitive to the action of diastase. 

Rice and maize are the two cereals which have been 
prepared in this way, both by torrefying and by flaking. By 
torrefaction the walls of the starch-containing cells are ruptured 
sufficiently to allow the starch to undergo gelatinisation at 
the mashing temperatures ; consequently there is no need to 
gelatinise it in a separate vessel, no need to run it in at high 
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temperatures, and no need, therefore, to risk the instability 
which follows low initial mashing heats. This form of 
grain is used in the mash-tun, and so long as the malt is 
sufficiently diastatic to convert it at the ordinary mashing 
heat without loss through unconverted starch, and without 
loss owing to bad drainage, then this form of substitute is 
good, as it gives a good extract, and its paleness permits the 
use of higher kilned malts. 

In comparing these forms of treated and untreated rice, 
the preference must be unhesitatingly given to the treated. 
At the same time, it is probable that the defects incident to 
the employment of untreated rice could be overcome if the 
malt-mash and the rice-mash were entirely separated, and 
only allowed to mix in the copper. 

Untreated grain, is, we believe, converted by a few brewers 
by the acid process, and does not mix with the malt-mash 
until diastatic conversion is over. In this case, the starch of 
the cereal is converted into glucose—maltose and dextrin 
being only present in small proportions ; but the objections 
to the process are the flavours and impurities which are ex¬ 
tracted from the grain and pass into the beer, and which in the 
manufacture of glucose are in great part removed by efficient 
charcoal filtration. On the brewing premises charcoal 
filtration is not feasible, or only feasible in an incomplete 
manner. Both on the ground of its cumbrousness, and of 
the impurities which are extracted and unremoved, this pro¬ 
cess does not seem, in its present state, likely to command 
much attention. 

Notb.—I t seems probable that the recent researches of Brown and Morris on 
Germination will put into the brewer’s hands a better method of manipulating raw 
cereals than that which has been referred to, and it would appear that the 
method in question will enable him to dispense with the previous preparation of 
the grain by torrefaction or otherwise. It will be remembered that the investi¬ 
gations in question have taught us that during germination an enzyme is developed 
which has the property of dissolving the ccllulosic tissue surrounding the starch 
granules. It is due to this solution that malt-starch is gelatinisablc at the heat of 
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the mash-tun, while raw grain starch requires a far higher temperature. This 
cellulose-dissolving ferment is absent in ordinary malt, for it is quite killed in the 
early stages of kiln-drying. Dnt grecn-malt (that is nnkilncd malt) contains it in 
abundance, and if this be extracted with cold water, the infusion will posse ss 
the pr op erty of dissolving the cellulose. 

By the employment of such an infusion it is clear that to a very great extent 
we can artificially mmlt raw cereals j at any rate we can so alter them in the 
direction of malting that the contained starch shall be gelatinisable a U ordinary 
mashing heats. The action of the infusion is comparatively rapid, and in a few 
hoars a mash of raw grain, digested at about I so 0 with the infusion of g reen 
malt, will be ready for intermixture with the malt-mash. By this means, boiling of 
the grain-mash and the consequent lowering in beat of the malt-mash are avoided, 
while the treatment in question does (and at far less expense) all that can be 
claimed for the torrefaction of grain as it is carried out by the manufacturers of 
prepared brew e rs* cereals. At the moment of going to press, the process is only 
in the experimental stage, and it is therefore not possible to say more than we have 
already done. The process has been protected by patents in the name of Mr. 
Horace T. Brown and the authors. 
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CHAPTER IV. 

HOPS. 

INTRODUCTORY. 

ALTHOUGH it must be granted that in recent years we have 
got to know something precise as to many of the constituents 
of the hop, yet its chemistry, like all botanical chemistry, is 
surrounded by difficulties in regard to the isolation and in¬ 
vestigation of the various constituents, difficulties far exceeding 
those of the study of other materials used in brewing. It will 
not be possible to touch on the cultivation of the hop, on the 
soils best suited to its development, on the many diseases to 
which it is liable, or on the manner in which these diseases may 
be to some extent checked. These questions, though impor¬ 
tant, do not form a part of the brewing operation ; and it will 
be our duty, therefore, to take the hops as they come to the 
brewer, to describe their structure, and the properties of those 
constituents which play a part in brewing operations, and to 
shortly describe the means by which we can judge of their 
relative value for brewing operations. 

Hops are added to beer for the following reasons:— 

i. To give the beer the distinctive bitter flavour and 
aroma. 

a. To precipitate certain nitrogenous constituents of the 
wort. 

3. To clarify the wort, not only by the separation of the 
above constituents, but by the mechanical clarifying property 
of the hop leaves when agitated in the copper, and by the 
formation of a filter-bed for the filtration of the wort in the 
hop-back. 



4- To preserve the beer by the antiseptic influence of some 
of their constituents. 

5. To assist in the sterilisation of the wort 

The bitter flavour is imparted by some of the resins and 
the so-called hop acid (“ hopfenbittersiure ”); the aroma by the 
volatile oils; the precipitation of the nitrogenous matters by 
the tannic acid ; and the antiseptic properties by certain of the 
resins. It is therefore essential that hops, to be of value, should 
contain these substances in due proportions. The mechanical 
fining and filtering of the beers is a function of the insoluble 
leaves of the hop—and as in all hops, bad and good, there is 
an abundance of them, we need not further consider this point; 
in some very old hops, however, the leaves become so disin¬ 
tegrated during boiling as to form a very unsatisfactory 
filter-bed. 

It must be at once admitted that the commercial valuation 
of a sample of hops cannot, at present, be entirely based upon 
a complete determination of all these substances. It is 
relatively easy to determine the volatile oils, and the tannic 
acid, but to examine each sample of hops for the different 
resins would be a work of several weeks, if not months, and 
for practical purposes is out of the question. Fortunately, 
however, the physical properties of the flowers afford some 
means of judging the richness and effectiveness of these 
resins, for by practical experience we know that certain 
outward characteristics imply certain effects in brewing 
which are due to the activity of these resins ; and although 
these modes of judgment are necessarily rough and ready, 
they are at present the only ones practically possible. 
Nor do these outward characteristics apply only to the 
quantity and nature of the resins, for we obtain some idea from 
them as to the oil, though so far as we know there is no due to 
the percentage of tannic acid. As, however, fair proportions of 
tannic acid appear to accompany the presence in due quantity 
of resins and oils, as indicated by favourable outward indications, 
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it is but seldom that hops are subjected to any chemical deter¬ 
mination of tannic acid; in fact, as a general rule, hops 
are bought and sold on the strength of their physical characters* 
unchecked by chemical analysis. 

The Structure of Hops. 

The structural formation of hops has a special importance 
for brewers, since upon their physical attributes (formation 
among the number) hops are generally valued. 

Hops, as they are known to the brewer, are the female 
flowers of the hop plant; hop-cones, or strobiles, being 
synonymous terms. In each cone there are from forty to 
one hundred leaves (bracts), and these lie close above each 
other, grouped round what is termed the stalk or racliis. 
This stem is knotted (geniculated) in eight or ten different 
places, and from these knots spring the small branches 
to which the hop leaves are attached. The leaves (bracts), 
are turned over on the lower side of the inner edge, 
and enclose the fruit developed from the flower. The 
fruits of the hop are the round, hard granules which the 
brewer terms seeds, and which we see floating in the hopped 
wort These granules are enclosed in a thin, transparent scale 
(the sepal or perigon). Freed from the scale, the granule has 
an ash-grey colour, changing on both sides to a brownish- 
violet, bordered by a light yellowish-red. Enclosed in this 
granule is the true seed of the hop, which is devoid of endo¬ 
sperm. Wild and inferior hops bear large fruit, the finer hops 
fiave shrivelled and generally sterile fruit Attached to the 
hop fruit, the stem, and the inner side of the leaves, is the fine 
yellowish resinous dust, which is known as hop-flour, lupulin, 
or “condition.” This powder, when magnified, is found to 
consist of granules, consisting of glands made up of complete 
cells. Their form may be described as that of a pear, where 
the top is broader and flatter, and the bottom more rounded 



193 


Hops. 

than the ordinary form of pear. The cells forming the upper 
part and corresponding to the broad top of the pear (opercu¬ 
lum) are thicker than those forming the sides and bottom, 
and are also differently formed. The glands, which are 
hollow, contain the resins and oils, and, when bruised, they 
shed their substance in the form of small oily drops. In 
fresh hops these expressed drops are thin and of a yellowish 
colour; in old hops they are of a thick consistency, and of a 
darker colour. 

The hop-meal or flour, therefore, contains all the valuable* 
principles of the hop except the tannic acid, which is con¬ 
tained in the leaves. It is, therefore, clearly essential that 
hops should be thickly dusted over with the flour; and in 
valuing hops the quantity of yellow dust and its consistency 
are regarded as prime factors. Haberlandt recommends the 
mechanical separation of the flour, and its estimation by 
weight as a means of judging hops; experiments by him 
show that the flour ranges from 5‘33 to 17*5 per cent It is 
not likely, however, that the process will ever play a part in 
the valuation of hops, for the complete separation of the flour 
is difficult and tedious, and wc have not sufficient data before 
us to enable reliable conclusions being arrived at from the 
results. Southby recommends that hops should contain from 
15 to 16 per cent of flour. 

Tannic Acid. 

In a communication quoted by Thausing, from the 
Agricultural Laboratory of Vienna, we And the tannic acid, 
estimated in 100 parts of the natural hops, to range from 1 * 38 
to 5 * 13 per cent, the average being between 3 and 3 * 5 per cent, 
and this, so far as we know, is the normal amount found in 
good hops. In the hops analysed at Vienna the highest 
amount of tannic acid appears to have been present in the 
samples which had been sulphured, and Thausing quotes from 

o 
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the report on these analyses to the effect that sulphuring does 
seem to raise the tannic acid. This, however, requires con¬ 
firmation. Other things being equal, the more tannic acid wc 
have the better, in order to bring about the separation of 
certain nitrogenous constituents of the wort, with which it 
combines, and which boiling alone will not serve to remove 
by coagulation. As we shall show in a later chapter, this 
separation is never complete, in fact there is always an excess 
in the wort of the bodies prccipitable by tannin. The addition 
of tannic acid, in the form of catechu or other bitter drugs 
containing it, has never been found to be of service, probably 
because the form of tannic acid in them is quite different to 
hop-tannin. 


Volatile Oils. 

The volatile oils of the hop may be obtained by passing 
steam into an infusion of the hops, which is kept warm the 
while. The steam carries over with it the oil, which will float 
on the condensed water, from which it can be separated by 
ether. 

The percentage of hop-oil present in the samples the 
analysis of which was given in the Austrian report above 
referred to, ranged from 0*15 to 0*48 ; the average appears 
to be about 0*25 to 0*35. To these oils we owe the aroma 
and delicate flavour of the beer. A considerable portion of 
them is dispelled by boiling hops in the copper, for they are 
freely volatile at this temperature ; while a certain amount is 
also lost during cooling, and carried off with the carbonic 
acid gas during fermentation. The more we have of the oil 
the more aroma and delicate flavour shall we get in our 
beer, and in the ordinary way the importance laid by brewers 
on the odour of the hops depends upon their richness or poverty 
in these oils. Hop-oil is only very slightly soluble in water 
(1 in 600), but it is readily soluble in dilute alcohol. In spite 



Hops . 


*95 


of the very slight solubility of the oils in wort, the quantity 
added, compared to the quantity of wort, is so small that there 
is no reason to suppose they are not freely dissolved in the 
copper. If not dissolved in the copper, they would probably 
dissolve as alcohol is formed during the fermentation. These 
oils exist in the hop-flowers combined with a portion of the 
resin in the form of a balsam. It has been asserted that the 
valerianic acid which we know to be produced in old hops 
is due to the oxidation of these oils. Bungener, however, 
asserts that this acid is due to the oxidation of the bitter 
principles. Which ever view is correct, it is certain that old 
hops contain less volatile oils than new, but whether they are 
oxidised to valerianic acid or pass ofT as other compounds, is 
not known. 

Thausing regards the presence of hop-oil as of minor 
importance in view of its expulsion during boiling, cooling, and 
fermentation, and on this ground thinks that the weight laid 
upon the odour of hops as indicating the presence of these oils 
is a mistake. This may apply to the Continental system of 
brewing, but for us it is of the highest importance that hops, 
especially those used for addition to finished beer and for 
adding to copper shortly before turning out, should be rich in 
this constituent; as a consequence, the odour of a sample 
remains a factor of much importance. 

Bitter Principles. 

The bittering principles of hops are still the subject of consi- 
derable divergence of opinion. Accordingto Hayduck the resins 
are the essential bittering principle, and as Hayduck’s researches 
are the most recent and are characterised by completeness 
and definiteness, it is probable that his views arc more worthy 
of credence than those of the older investigations. Among 
these is Lermer, who claims to have separated a crystalline 
bitter acid from hops, to which he attributes its bittering 

O a 
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properties. The acid is insoluble in water, but soluble in dilute 
alcohol, imparting to the solution an intensely bitter taste, 
Julich separated an intensely bitter substance from hops, 
which was easily soluble in water. Bungener attributes the 
bitter to a substance partially of an acid, partly of an aldehydic 
character. The substance is insoluble in water but easily 
soluble in alcohol, ether, &c. It is easily oxidised to valerianic 
acid, and Bungener attributes the presence of this acid in old 
hops to this cause. 


Hop Resins. 

Hayduck’s researches on the resins show that there are 
at least three of these bodies in bops; the first, a soft resin 
precipitated by lead acetate; the second, also a soft resin, but 
not precipitated by lead acetate ; the third, a harder resin, also 
unprecipitable by lead acetate, but insoluble in petroleum ether, 
while the first two resins are freely soluble in that medium, 
Hayduck thinks that the second resin is probably identical 
with the soft resinous substance obtained when Bungener’s and 
Lermer's bitter acid crystals are oxidised. The solubility of 
the resins in water is as follows:— 


Soft resin precipitated by lead .0*042 per cent 

n >> »» »» .0*048 ,, H 

Hard resin . ..0*058 „ „ 


The first two resins give an intensely bitter taste, the 
third, an unpleasant feeble bitter. Experiments made with 
these resins, as to their antiseptic influence, showed that the 
first resin materially restricted the lactic fermentation, the 
second resin restricts it to only a limited extent, while 
the third resin had no appreciable restricting influence; the 
acid fermentation was retarded, but the ultimate amount of 
acid produced was the same as in the case where no resin at 
all was used. Hayduck also found that as the soft resins 
were repeatedly extracted with water, the solution decreased 
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in strength and antiseptic influence; this is to be ascribed to 
a change in the resins, the active being partially converted 
into the inactive variety as extraction proceeds. It would 
thus appear that, as regards these resins, boiling hops for the 
second time is useless; for the first boiling will extract the 
greater part of the resin, the remainder becoming inactive 
during the protracted extraction. Hayduck had shown 
previously that the resins do not subsequently affect the acetic 
ferment, and he has shown that Sarcina (Pcdiococcus) is equally 
unaffected by them. 

Alkaloids of Hops. 

In this country Graham first directed attention to the 
narcotic influence of hops, and its bearing upon the consumer of 
beer. He stated that the stupefying nature of English beers, 
as compared with Lager beer, was rather due to the greater 
amount of hops used by us than to the only slightly larger 
amount of alcohol contained in our beers. This view is 
reasonable, although it is not at all improbable that the higher 
alcohols, developed at the higher temperatures prevalent in our 
top fermentations, are also factors in this difference. The 
narcotic influence of the hops has of course been acknowledged 
for a long while, and recent researches have fully demon¬ 
strated this to be due to the presence of an alkaloid. Researches 
on this matter have been carried out by Gricssmeycr, Wil¬ 
liamson, Griess and Harrow, and others. Griessmeyer styles 
the alkaloid lupulin. Griess and Harrow separated the base 
cholin (or neurin) from beer, a base which also occurs in the 
brain* Griessmeyer denies the presence of cholin, as such, in 
hops, stating that it exists combined with other bodies as 
lecithin, a body of very complicated constitution. The alka¬ 
loids arc bitter substances, and it has been suggested that hop 
alkaloid, combined with resin, forms the bitter principle 
soluble in water. 
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Besides the substances above referred to, hops contain 
fibrous matter, mineral substances, nitrogenous bodies, sugars 
and gums. The fibrous matter has a distinct function in 
brewing, for by being agitated in copper and afterwards 
forming a filter bed in the hop-back it helps to clarify the 
wort; we also think that the ready clarification of dry-hopped 
beers, is in part due to the assistance given to the finings by 
the surface of the hop leaves. With regard to the nitrogenous 
matters, we know but little of them. Bungener has found the 
amide, asparagin; what effect this would have in the small 
quantities in which it exists is not clear. The gums and 
sugars, so far as we know, have no direct bearing in brewing. 
To the mineral substances some importance attaches, inas¬ 
much as their nature and character show us what minerals are 
demanded for the growth of the hop, and they therefore 
indicate the nature of the manure to be used. From the 
following analyses by Wolff it will be seen that they are 
specially rich in potash and phosphoric acid. As the result 
of twenty-six analyses Wolff found that hop leaves contained 
on an average 7*54 per cent of mineral matter—the 
maximum was 15*3, the minimum 5*3; 100 parts of ash 
contained:— 



Minimum. 

Maximum. 

Average. 

Potash. 

. .. 16*30 

51*60 

34 ' 6 i 

Soda . 

. .. 0*00 

8*80 

2*20 

Lime . 

. .. 9*80 

24*60 

16*85 

Magnesia 

, .. 1*50 

13*40 

5*47 

Oxide of iron.. 

. .. — 

3*20 

1*40 

Phosphoric acid 

. .. 9*20 

22*60 

16*80 

Sulphuric acid 

, .. 0*00 

12*20 

3*59 

Silica . 

. .. 10*30 

26*10 

16*36 

Chlorine . 

.. 1*00 

7*00 

3*19 


Sulphuring Hops. 

The object of sulphuring hops, i. e., using sulphur with 
the fuel when drying the hops, is, as a rule, to cover defects 
in the hops, or, at any rate, by bleaching and rendering them 










brighter, to make a sample appear of higher market value 
than it really is. In some respects sulphuring is of use—it 
would in a way retard the deterioration of hops in regard to 
putrefactive change and mildew-development, and it is claimed 
to yield hops richer in tannic acid. This latter point requires 
confirmation, but even admitting its effect in this respect and 
in respect to its preservative influence, it must be said that 
sulphuring hops is a practice which brewers rightly condemn, 
and for two reasons. First (and this is by far the more im¬ 
portant reason), sulphuring is only applied to those hops the 
defective appearance of which would render them less valuable 
if not submitted to this process. As the sulphur in part 
covers the defects, the brewer is paying a higher price for his 
article than he should do, while again the defects which it 
covers may be real defects, defects which would give rise to 
defective beer, and which, therefore, the brewer prefers he 
should have the opportunity of observing before finally pur¬ 
chasing his hop stock. The sulphur itself, in the hops, and 
therefore in the beer, exists as sulphurous acid, and is probably 
of minor importance. In cask it might become reduced to 
sulphuretted hydrogen by the hydrogen evolved by micro¬ 
organisms, and so give rise to what brewers know as “ stench." 
This change, however, is one which is not likely to occur 
except under very protracted storage, and when there is 
matter present which encourages the development of these 
organisms. The main objection is certainly not to the sulphur, 
but to the possible defects hidden by the sulphur, and it is on 
this ground that the brewer is anxious to know whether or not 
sulphur has been used. Sulphur is also used as a dressing 
upon the plants during their growth in the fields, in order to 
protect them from insects. This form of sulphuring is in 
many rcs|>ects justifiable, and it would be far less likely to 
give beer stench than that used during kilning. 

The detection of sulphur is very easy, and can be carried 
out in two ways, which will be treated of in the analytical 
section (p. 495). 
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Micro-organisms on Hops. 

We think that the micro-organisms adherent to the surface 
of hops play a more important part than they are generally 
credited with doing. The main portion of hops being boiled 
in the copper, the various bacteria, wild-yeasts, mould-spores, 
&c., which so thickly coat their surface, would in all probability 
have only an indirect bearing, namely, that as they do not 
survive the boiling process, they would simply form putre¬ 
scent food for the development of organisms introduced during 
the subsequent stages. Apart from this source of adding 
to the sum total of putrescible matters, we must not forget 
that deteriorated hops—hops which have suffered changes 
analogous to malt that has moulded, must likewise increase 
the amount of these bodies. On this ground hops should 
be carefully chosen, and they should be free from mildew 
and other signs of similar deterioration. The hops introduced 
shortly before turning out—and this, as we shall see, is a 
commendable practice—would have the adherent ferments 
killed in the same way, but it is always desirable that hops 
added at this stage should be good and new. 

The question of these adherent organisms is, however, of 
far greater importance in the case of the hops added to 
cask—a practice which is general with all ales stored for con¬ 
siderable periods. Here, naturally, they are submitted to no 
conditions tending to their destruction, and they are neces¬ 
sarily free to develop in the beer. When the beer is well 
brewed, i. e., when it is free from readily putrescible bodies, 
and when the hops used at this stage are healthy, we are 
inclined to regard the organisms adherent to dry hops as on 
the whole favourable. From Matthew's researches we know 
that secondary types of yeast are included among their 
number, and they would therefore promote the desired after¬ 
fermentation by degrading the maltodextrins, and then 
fermenting them. Apart from this, we think the peculiar, 
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characteristic, but undcscribablc flavours of mature old ales 
arc partly due to the products of the development of these 
various ferments. It is, however, of the highest importance 
that the hops added at this stage should not introduce 
readily putrescible matter into the beer, nor should they 
introduce ferments tending to produce acidity and putrid 
flavours. The chief object of dry hopping is to induce the 
gradual solution of the hop flavours and to preserve the beer, 
and these objects are clearly negatived when the hops so 
used are likely to lead to acid and putrid beer. What we have 
said in regard to the degradation of maltodextrins by the 
secondary yeasts adherent to hops is, we think, borne out not 
only by the condition which we know to result from the 
judicious employment of hops in cask, but also by the decided 
attenuation which brewers know to result from this practice. 
The attenuation and condition have been attributed to the 
aeration of the beer when introducing dry hops after it is 
racked. But we are convinced that aeration alone could not 
induce the decided effect which we know to result from the 
practice, though it might assist the vigour of the secondary 
yeasts in their degrading and fermentative functions. 

Valuation of Hops. 

In the valuation of hops, the following points are to be 
observed :—The hop must certainly contain a large amount 
of flour, and it is of importance to closely observe the com- 
|>arativc richness or poverty in this material. The hops 
must also be free from mildew or mould. This is generally 
discernible by mere inspection, but in all doubtful cases it 
should be supplemented by microscopic examination. The 
odour of the hop is also of the utmost importance, an aromatic 
delicate smell being requisite ; whilst hops defective in odour, 
or still worse with an odour tainted with the characteristic faint 
smell of valerianic acid, are completely unsuitable for good 
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ales. Both the amount of “ condition ” and odour are best 
observed by rubbing the hops between the hands; the flour 
(condition) and all its aromatic constituents will adhere to 
the skin, where they can be better judged than in the cones 
themselves. 

The colour of the hops is another important point They 
should be ripe (in the brewer’s sense of that word; not botani- 
cally ripe), but not over-ripe ; the correct degree of ripeness is 
indicated by a greenish yellow tint Hops which are a light 
green, are unripened, and contain less flour, and are therefore 
the less valuable for brewers’ purposes. Over-ripeness is 
indicated by a slight red or red-brown colouring, and means 
loss of flour, through the agency of insects and wind. A 
darker dull brown indicates over-drying, or heating in the 
hop-bales; and from such hops we expect very bad brewing 
properties. What has been said about colour must not be 
taken too strictly. For very pale ales, very pale hops are re¬ 
quired. The paleness is sometimes obtained at the expense 
of sufficient maturity, and therefore at the expense of the 
valuable constituents of the hop; while again it may be 
artificially produced by sulphuring. Many hops are well 
suited for brewing excellent beers of any but the lightest 
shades, simply on the score of possessing a little extra 
colour. Colour is one guide to quality, but not the only one, 
and the relative importance attached to it by the brewer is 
necessarily as much a question of the paleness of the beer 
it is desired to produce, as it is of the inherent soundness of 
the hop. 

The taste of the hops should be an agreeable bitter: not 
harsh and grating, but delicate. The taste should be free 
from acid and other foreign flavours. 

Apart from requisite colour, richness in flour, absence of 
mould, light yellowish tint of flour, and delicacy of odour and 
taste, it is desirable to see that the leaves should lie tightly 
packed above each other; open cones are indicative of unripe- 
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ness. A good sign is also the balling together of the cones 
when pressed; this affords some indication of the richness of 
the hops in resin. 

Hitherto we have mentioned a few guides to the valuation 
of hops irrespective of age. But brewers have long known 
that the storage of hops for a period of more than 7-8 months 
means distinct deterioration in regard to brewing value. The 
volatile oils disappear, and according to Hayduck the preserva¬ 
tive qualities of the antiseptic resins are gradually lost, the 
bitterness becomes less delicate—in fact, under our present 
method of storage, the hops entirely lose all their valuable 
chemical properties (except those due to the tannin), if the 
storage is long enough ; while mould and mildew develop^ and 
a gradual transformation of some of the constituents (either 
the oil or resins) into the disagreeably smelling valerianic add 
takes place. Age of hops shows itself as follows:—The 
cdour deepens, hops stored for many years becoming brown. 
The aromatic oil is decreased, and consequently there 
is less odour; in fact, very old hops have either no odour or a 
cheesy disagreeable smell. The leaves easily separate from 
the stem, the flour becomes of a darker colour—reddish to 
reddish-brown, and the hops do not stick to each other as 
before, nor do they yield, when rubbed between the hands, the 
same viscous resia The hop-flour should be examined under 
the microscope; when fresh the glands are glossy, smooth, 
and, when bruised, discharge a light greenish-yellow matter. 
The glands of old hops are shrivelled and corrugated; the 
matter discharged on pressing is thicker and darker. 

Added to the observation of these physical attributes 
should be the detection of sulphur, and the estimation of hop- 
tannin ; for no inspection, however skilled, will afford informa¬ 
tion as to these points. The hop-oil is also easy of direct deter¬ 
mination, but we gather some information as to this from the 
odour. 

There is no branch of brewing science so unsatisfactory to 
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treat of as the hop. The analyses are contradictory, and our 
knowledge as to the necessary constituents vague and indefi¬ 
nite, in fact,'the whole subject of hops is still shrouded in 
ignorance. Hops are bought and sold almost entirely by their 
appearance, flavour, and odour. As a rule, perhaps, these 
indications suflice, but it would be desirable to check these 
indications by analysis or microscopic examination. But 
before analysis or microscopical examination can be of any 
real value it will certainly be necessary to have more definite 
information before us. Quite apart, however, from check¬ 
ing physical indications, exact scientific valuations would, 
were they possible, put an end to an immense amount of 
humbug. 

As a fule brewers buy readily of the well-known brands, 
and are ready to give exorbitant prices for them, while 
unknown brands, however good intrinsically, arc hardly looked 
at In mentioning these facts no charge is implied against 
the hop factors. It does not follow that because a favourite 
brand is bad one year that the hop factor gave less for it 
Probably he gave a high price for it, and requires a pro¬ 
portionately high price from the brewer; but that enormous 
prices are given for favourite brands of hops, quite irrespective 
of the fluctuations in quality year by year, is a matter of fact; 
and it would be only by having correct methods of valuation, 
such as we have for malts and sugars, that hops, irrespective 
of repute and locality, could be priced according to their real 
deserts. Certain districts are admittedly particularly favour¬ 
able for hop cultivation, and the hops from these districts 
have been known to give good results for many years. This, 
however, is also the case with malting barleys. But with 
correct methods of valuation at our disposal we do not 
hesitate to freely condemn defective malts made from barleys 
grown in the most favoured districts; while we also are able 
to judge of the merit of malts from absolutely new and 
untried districts. The case is very different with hops. 



Hop Substitutes. 


Hop substitutes and malt substitutes are not at all on the 
same footing. Malt substitutes are used to improve certain 
characteristics of beer, hop substitutes to cheapen its produc¬ 
tion. The advocates for so-called " pure beer ” seem, how¬ 
ever, to make no distinction between them, except perhaps 
that those who represent hop counties see special wickedness 
in using hop substitutes, while to those from a barley district 
the employment of malt substitutes is particularly distasteful. 

With an ordinary crop of hops, no brewer ever dreams 
of using a hop substitute; among the very many breweries 
the ins and outs of which are well known to us, we do not 
know of one where any hop substitute is being employed now, 
or has been employed since the year of the hop famine (1882). 
In these remarks we except catechu or cutch. This material 
is used in some breweries, but not as a hop substitute. It is 
used not because of its bitterness, but because of the supposed 
preservative influence of the large amount of tannic acid it 
contains. In fact its bitterness, being a disagreeable bitterness, 
is a disadvantage, and limits its employment to very small 
rates. We may regard it, therefore, roughly as tannic acid, 
and as its purpose is to supplement the deficient tannic acid 
of the hops, it stands on much the same footing as the gypsum 
added to a water deficient in this constituent The so-called 
hop substitutes—gentian, camomile, quassia, &c, are bitter 
substances, innocuous to the system, but yielding harsh, grating, 
clinging bitters very different to that of the hop. They are 
devoid of the delicate oils, the antiseptic resins, and the other 
characteristic constituents of the hop. They can in no way 
entirely displace the hop, and, as Thausing points out, they 
are not really substitutes in the true sense of the word. 

There is no objection to their employment when hops 
are so scarce and dear as to prohibit the brewer from 
using them in the right quality and quantity; and their use 
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under these circumstances is so far of benefit that it does 
away with the necessity of using damaged old and rank hops, 
only too likely to be rich in narcotic, but poor in preservative 
qualities and delicate flavour. This is their only justification, 
and as a matter of fact this is the light in which brewers 
regard them. With hops at his command no brewer would 
think of using these vegetable bitters; competition would soon 
show him how dangerous a policy this would be. In charging 
brewers with their continual employment, the M beer-purists ” 
show themselves ignorant of the facts of the case. In spite of 
specific and emphatic denial they however cling to the charge; 
it is repeated merely to attract the interest of that section of 
the agricultural class which seeks to relieve the depression 
due to faulty technical attainments, by means of ill-considered 
legislative protection. 
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SECTION IL—PROCESSES. 


CHAPTER V. 

MASHING AND SPARGING. 

INTRODUCTORY. 

The first real process in the brewery is the mashing process. 
Preparatory to this, however, the water has to be heated to 
the required temperature. This is done in the liquor back, a 
vessel provided with suitable heating apparatus, and which 
preferably should be large enough to take the whole of the 
mashing and sparging liquor, which together may be roughly 
reckoned at six barrels to the quarter of malt mashed. In this 
vessel the water is either merely heated up to the required 
mashing temperature; or, when required, it is previously boiled, 
either with or without the addition of saline or antiseptic 
substances. The manner of treating the water has already 
been explained (Chapter I. pp. 11-26), we will therefore assume 
that our water stands at the required heat, and that it is 
contained in a vessel which commands the mash-tua 
The mash-tun is a vessel provided with a false bottom per¬ 
forated with holes and slots. The actual bottom of the vessel 
is fitted with several spend-pipes, either all converging into 
one large pipe fitted with a cock, or each fitted with its own 
cock. The tun should also be fitted with rake machinery; for 
although not always necessary, it may at any moment be 
wanted for special requirements. 

There arc two systems used in this country for making the 
mash. On the one, the tun is filled with the requisite 
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volume of water, and the grist is then run into it, the rakes 
being worked the while to ensure intermixture. On the other 
system the grist and water are mixed in a special appliance 
fixed outside the tun. Into this vessel the grist and water 
simultaneously enter, and are there mixed in their approxi¬ 
mately correct proportions. The mash therefore falls in the 
tun ready mixed, and rake machinery is, under these con¬ 
ditions, not called into requisition. These vessels are called 
u outside mashers ” or 41 mixers.” They are of two kinds, those 
in which the intermixture of grist and water is effected by 
machinery, and those in which the grist and water mix 
automatically. The former, though more costly, are preferable; 
but even the less satisfactory automatic mashers are more to 
be relied upon for a proper intermixture of grist and water 
than the method first alluded to, in which the grist is run into 
the water lying in the tun, and the intermixture is then 
effected by rake machinery. 

Most mash-tuns are fitted with an underlet, i.e., a pipe 
admitting water into the bottom of the tun. Hot water is 
frequently introduced by this pipe at some period of the 
mush, and the temperature thereby raised. Such an 
appliance is most desirable, and in the production of mild 
ales may be regarded as necessary. During the admission 
of the underlet, the rakes should be gently revolved to secure 
uniformity of mash-heat This is one of the reasons why 
htlui machinery should always be provided. 

All mash-tuns are fitted with sparging apparatus. This 
i oiimInIn of a perforated pipe revolving horizontally just above 
I Ita Ip vel of the mash, and distributing water upon the goods 
In a fine shower. Spargers are either automatic or driven. 

I lie former are the more common, and revolve by the im- 
pt’lu* of the escaping water ; the driven spargers, however, are 
pMhupM preferable, since the water can be delivered in a very 
fluu spiny, without impeding the rate of revolution. 

Thu mush being made, it is usually allowed to stand for 
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about two hours ; at the end of this time the taps are opened 
and the sparge liquor showered on. Sometimes an underlet 
will be applied shortly after mashing; sometimes a second 
mash becomes desirable. A second mash is made in this 
way: when the first mash has stood its appointed time, the 
taps are opened, and a certain quantity of wort withdrawn, 
generally about one barrel to the quarter. The taps are then 
closed, and from a barrel to a barrel and a half run in by 
the underlet at a slightly higher heat than that of the original 
mash liquor; the rakes being revolved the while. The mash is 
then generally allowed to stand about forty to fifty minutes; 
the taps are then opened, and sparging liquor applied either 
at once or shortly afterwards. 

If by chance the brewer desires to make a second mash, 
and possesses no rake machinery, he should run under two* 
thirds of his second mash-liquor, and sparge over the remain¬ 
ing third. By this means a fair degree of uniformity may be 
ensured. Second mashes are not necessary or desirable with 
good malts; when, however, malts contain refractory starch, 
they arc of decided service. 

Some brewers drain their worts closely alter mashing, 
before applying the sparge liquor. This, however, is 
probably a mistake; for although the grains will always 
hold about a barrel of liquor to the quarter, yet it is well not 
to lose too much of the diastase, since this is wanted to 
some extent during sparging operations; again, by allowing 
the grains to fall down too closely on the plates, they are apt 
to clog the perforations, and so interfere with subsequent 
drainage. 

In a well-conducted mash the grains are buoyant, lying 
on the surface of the wort, and they arc dry and firm to 
the touch. When they fall to the bottom, and the liquor 
makes its appearance above them, they clog up the plates, 
interfere with drainage, and reduce the ultimate yield 
or extract This state of affairs is what brewers term a 
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44 sloppy ” or 44 dead ” mash. It may arise from several causes. 
The principal one is unsatisfactory malt—malt, the starch- 
containing cells of which have been incompletely modified 
during vegetation ; an appreciable proportion of the starch in 
such malts will refuse to gelatinise at the usual mashing 
temperature, and will only come into solution at the higher 
temperatures prevalent during the later stages of mashing 
and during sparging, when the residual diastase is enfeebled 
by the high temperatures to which it is then exposed 
Grinding the malt too fine, may also induce this condition 
of affairs, especially when the husk has been separated 
from the fine flour by elevating the grist in Jacob’s ladders. 
Another fruitful source of this defect is an over-deep tun; 
in this case the sparge liquor, falling from a distance, forces 
down the goods. Excessively low mashing heats and ex¬ 
cessively high mashing heats will also lead to the same 
thing, the former because much of the starch is left un¬ 
gelatinised and unconverted; the latter because the diastase 
is so enfeebled as to be unable to convert the starch with 
sufficient rapidity. 

The grinding of the malt is no unimportant matter. Each 
corn should be cracked, but not ground fine. To leave corns 
unbroken is obviously to lose extract: to grind too finely is to 
clog the perforations of the false bottom with the particles of 
unconverted flour, and so impede drainage and obtain lower 
extracts. It is always well to have two sets of malt-rolls; the 
one adjusted to the large, the other to the small corns. Fluted 
rolls, we understand, give good results. When possible it is 
always preferable to have the grinding mills immediately above 
the grist cases. Where, as so often happens, the malt is ground 
below and then elevated to the grist cases, the grist is agitated 
during elevation. This induces a separation of husk and flour, 
which distinctly impedes drainage and extract 

The shape of the mash-tun is of some importance; an over¬ 
deep tun leads to a sinking of the goods as has already been 



21 I 


Mashing and Sparging . 

explained; an over-shallow tun means an excessive loss of heat 
by radiation ; but it is wiser to err on the side of shallowness 
than of depth.* The tun should be provided with well-fitting 
covers; and it should not be exposed to draughts, nor should 
any portion of it be in contact with the outside air. When, 
however, the tun is in an exposed position, it is well to lag it 
with felt, or some similar material, for loss of heat during 
mashing means loss of extract. 

The Temperature of the Mashing Liquor. 

From a consideration of the influence of temperature upon 
the diastatic conversion of starch, which was discussed in 
its scicntilic aspects in Chapter II., we know that by altering 
this temperature we can produce different proportions of the 
conversion products. What applies to the diastatic conversion 
of starch-paste is equally applicable to the diastatic conversion 
of the malt-starch ; the temperature at which the conversion 
is carried out is, in fact, the most important factor in settling 
the type of wort produced. 

In dealing with malt on the practical scale, the tempera¬ 
ture of conversion will depend upon several factors which have 
not previously required consideration. Primarily it will depend 

9 Southby gives the following dimensions (* Practical Brewing,* p. 71) for 
mash-tuns:— 
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upon the temperature and quantity of the mashing liquor; 
secondly, upon the temperature and specific heat of the malt; 
thirdly, upon the system of mashing; fourthly, upon the 
position of the tun and the quality of the malt Of course 
by far the most important element is the temperature of the 
mashing liquor; this point will be shortly dealt with at length. 
The temperature and specific heat of the malt may be regarded 
as constant for practical purposes, and they may, therefore, be 
disregarded from the present considerations. The position 
of the tun is of more practical importance, for if, as sometimes 
happens, there is great loss of heat by radiation, the heat deve¬ 
loped by the mash as the result of chemical action may be lost, 
andthe temperature, insteadof rising during the conversion,may 
actually fall. It is therefore necessary to make due allowance 
for any such loss of heat, either by increasing the temperature 
or the relative quantity of mashing liquor. The quality of 
the malt plays a not unimportant part in the temperature of 
conversion; 14 slack 99 malt, for instance, will certainly give 
rise to no increase in temperature as the result of chemical 
action ; and when material of this kind is used, this fact must 
be taken into account. 

These points are, however, of minor importance compared 
to the influence of the system of mashing upon the tempera¬ 
ture of conversion. For instance, suppose we mash a malt 
with two barrels of water to the quarter, at i6o° F., in an out¬ 
side machine, our actual conversion temperature—that is the 
temperature of malt and water after intermixture—will be 
lower than if we were to take the same malt, the same quantity 
of liquor, and at the same temperature, but instead of mixing 
them in an outside masher as before, run the liquor into tun 
first, the grist afterwards, and then intermix in the tun itself. 
In order to obtain a given conversion temperature, or initial 
goods heat, on both systems of mashing, it is necessary to have 
the temperature of the liquor some two or three degrees higher 
when using an outside machine than when mashing in the 
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tun itself; the reason of this will be seen on considering the 
essential differences between these systems. When the malt 
is run into liquor lying in the mash-tun, the first portion will 
come into contact with liquor at its maximum heat ; but the 
more malt we get into our tun, the more shall we have cooled 
the temperature of the mixture ; the last portion of the malt 
will, as a matter of fact, be introduced into the tun-contents 
at a temperature very little, if at all, higher than the goods 
heat desired. Thus, suppose we mash malt for a goods heat of 
150° F.; the first portion of the malt will be run into liquor at 
just about the maximum point; the last portion will run into 
the tun standing at or about 150° F., the intermediate portions 
of grist coming into contact with mash at intermediate heats 
all of which arc below the maximum. When, however, an 
outside masher is used, each lot of grist is brought into contact 
with liquor at the same maximum heat, since the grist and 
water are intermixed in these machines at the rates required 
for the mash. 

On this ground alone some preference should be given to 
the second method, for the excess heat to which each lot of 
grist is exposed is uniform ; on the other system the first lot 
of grist is exposed to a maximum excess heat, the last lot to 
no excess heat at all. To ensure the uniform conversion of 
the tun-contents we depend, on this system, upon bringing 
the more active diastase of the last portions of the grist to 
play upon the earlier portions of the mash, the diastase of 
w ( hich will have been much enfeebled by the excess heat to 
which it was exposed. For this purpose very complete inter¬ 
mixture of the mash is necessary ; experience shows, however, 
that this is very difficult to effect in practice. In the outside 
system of mashing we arc independent of the necessity for 
complete intermixture in the mash-tun, and it is a fact that 
mashes made without side machines arc, as a rule, more satis¬ 
factory than those made on the alternative system. 

From. Chapter II. we know that as the temperature of the 
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mash rises above 140° F., the diastase is increasingly checked. 
When, therefore, we conduct a mash at 150° F., that is, when 
our mixed malt and water are 150° F., we shall be restricting 
our diastase. But the restriction of the diastase in such a 
case will not only be due to the temperature of the mash 
exceeding 140° by io°; there is a further restriction due to 
the difference in temperature between that of the mashing 
liquor and the conversion temperature aimed at For the 
malt, or at any rate part of it, is not only exposed to the 
temperature of the final mixture, but also to the higher 
temperature of the water necessary to produce the desired 
mash-heat This excess temperature, if we may so term it, 
is a factor of considerable importance, and must not be 
ignored Its full importance is plainly seen in the application 
of underlets. The underlet is generally a small 41 piece 99 
of liquor; in order, therefore, to raise the temperature of 
the mash by means of it to any appreciable degree, it is 
necessary to apply it at a high heat—from 175° to 190° F. 
are not uncommon temperatures in practice. Even at the 
lower limit, the diastase in that portion of the mash upon 
which the underlet will first impinge will be destroyed. 
But the underlet will cool by coming into contact with further 
portions of the mash, so that the final portions of the 
mash which it will touch, will be exposed to but a very 
small excess temperature. In such a case the restriction 
of diastase caused by the underlet would not be represented 
by the two or three degrees rise in temperature of the mash 
obtained after thorough intermixture of the underlet with the 
tun-contents. The restriction is far greater, being princi¬ 
pally due to the very appreciable enfeeblement of diastase in 
the earlier portions of mash into which the underlet was 
introduced, and to the complete annihilation of diastase in 
the earliest portions of the mash. 

The excess temperature is generally overlooked ; the 
mash-heat is alone regarded as responsible for the type of con- 
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vcrsioa But this is not really the ease; the type of conversion 
is not only dependent upon the conversion temperature but 
also upon the way in which that conversion temperature is 
attained. If, for instance, we mash ordinary cold grist with 
water at such a heat as will give us an initial goods heat of 
150°, we shall get a wort very different in type from one made 
by mashing the same malt for an initial heat of 150°, where 
this was attained by heating the grist as well as the liquor to 
this temperature, and thus mashing them both while hot. 

The restriction of diastase then—which we shall presently 
see to be requisite in mashing operations—is dependent not 
only upon the temperature of the mixture, but also upon the 
manner in which that temperature has been attained. It is 
desirable to repeat and emphasise this statement, for we shall 
subsequently see that its bearings are of very great practical 
importance. 

The Due Restriction of Diastase in the Mash-tun. 

It has already been said that it is as a rule necessary to 
restrict the diastase in the mash-tun, and this is done by em¬ 
ploying higher conversion temperatures than those at which 
diastase is most active, and also by exposing the malt to water 
at temperatures in excess of such conversion temperatures. 
The object of so restricting the diastase is to secure in the 
wort a sufficiency of maltodcxtrins. Their type will for the 
present be neglected: for the moment we will only consider 
why it is that a sufficiency of this group of bodies is necessary. 
It will be convenient to classify their functions, and consider 
each individually. They may be divided up as follows:— 

(a) Condition, or after-fermentation (with which is 

generally associated freedom from hop-resin 
turbidity). 

(b) Body, or fulness. 

(c) Soundness, or stability. 

(d) Viscosity and “ head " 
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(a) It will be remembered that the normal or medium 
maltodextrins are unfermentable during the primary fermen¬ 
tation, but degrade to maltose and then ferment at the instance 
of the cask yeasts. The steady after-fermentation of beer in 
cask or other storing vessel is therefore dependent on these 
substances; and if wort, and therefore beer, contains none of 
them, or too little of them, steady and persistent after-fermen¬ 
tation will be either defective or non-existent. The “con¬ 
dition ” of beer is of course essential to success; without it 
the beer, however good in other respects, would be unsaleable. 

It frequently happens that beer remains turbid through 
suspended hop-resins. This is particularly the case where there 
is a lack of hot aeration of worts during cooling, but it may 
arise from some imperfection of the hops, or some imperfection 
in the yeast. The detection of the resin turbidity will be sub¬ 
sequently dealt with; but it may here be briefly stated that 
where resin turbidity exists there is no better means for dealing 
with it than by getting the beers into a vigorous after-fermen¬ 
tation. The reproduction of yeast in the cask seems specially 
effective in removing the resins, and there is every reason to 
suppose that their removal is not an absorption of them by the 
yeast, but a physical attachment of the resinous matter to 
the surface of the yeast-cells. Since the cask fermentation— 
or at any rate natural cask fermentation—depends upon a due 
amount of maltodextrin, it is clear that a sufficiency of these 
bodies is necessary to provide against the contingency of hop- 
resin turbidity. Beer defective in maltodextrin is specially 
likely to suffer from resin turbidity, and where this is so, 
it can only be removed by artificial cask fermentation, by 
priming in fact But priming is not always permissible or 
advisable, partly in respect of flavour, partly in respect of the 
possibility of an excessive cask fermentation. The steady 
persistent cask fermentation, such as follows when the beer is 
racked with a due amount of maltodextrin, is the best incentive 
to a removal of this form of turbidity, while the flavour and 
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other characteristics of beer are not interfered with as they 
might be by artificial additions. 

When beer is racked with what appears to be an appreciable 
amount of unfermented maltose a certain kind of after 
fermentation is produced But this after-fermentation is very 
different from the steady natural after-fermentation wanted; 
in summer it is tumultuous, and constitutes fretting. 

(t) Since the normal maltodextrins do not ferment out 
during the primary fermentation, they will exist in the racked 
beer to their full extent; and since they are only slowly 
degraded and fermented in cask, well-brewed beer, stored for 
however long, will always contain a good proportion of them. 
As maltose gives sweetness to the beer, and to the dextrin 
is due roundness, dry-fulness and viscosity, and as the flavour 
of a maltodextrin is that of a mixture of the constituent 
maltose and dextrin groups, it is clear that the presence in the 
beer of maltodextrins at all stages is very important in respect 
of fulness. The fulness of a beer may be either of a sweet or 
of a dry character, and either kind of fulness may be attained 
by controlling the relative proportions of combined maltose and 
dextrin locked up together as maltodextrin. That this can 
be done will be subsequently demonstrated ; but of whatever 
kind the fulness is to be, it will be necessary that there 
should be a sufficiency of the maltodextrins. 

(*) The stability of a beer is a subject demanding atten¬ 
tion from two separate points of view : the nature and amount 
of infection, and the degree of resistance offered to that in¬ 
fection. For the moment the nature and amount of infection 
will be taken as a constant—for at present we are dealing 
only with the chemical constitution of the worts. That worts 
containing a fair abundance of maltodextrin do raise the 
resisting capacity of a beer, is not only borne out by practical 
experience in the brewery, but is capable of experimental 
demonstration; for if a small amount of maltodextrin (such 
as can be artificially prepared by acting upon starch with 
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sulphuric acid under certain conditions) be added to one set 
of samples of a beer (preferably for this purpose an inferior 
beer), and if another set of samples of the same beer are 
left untreated, and if these two sets of samples are forced 
side by side on the same forcing-tray for twenty-one days, 
it will be found that the samples to which the maltodextrin 
has been added show more stability than those untreated in 
this way; in other words, they are more free from bacteria, 
and from the acid products of these bacteria, than arc those 
samples which were not treated with maltodextrin. It is not, 
however, to be assumed that the maltodextrin possesses any 
direct prejudicial action on bacteria; in every probability it 
has no such action. But we must remember that by increasing 
the maltodextrin we give the cask yeasts more work to do, and 
the continued steady activity and growth of the yeast will 
serve to keep down the activity and growth of bacteria. The 
case is, in fact, similar to what occurs in an earlier stage of 
brewing. The worts, as they lie on the coolers, become infected 
with myriads of organisms which could not fail to break down 
the stability of any beer, were it not that the subsequent 
pitching or yeasting of the beer, and the consequent growth 
of that yeast in the fermenting vessel, keep down the de¬ 
velopment of the organisms which the worts have absorbed. 
Similarly, then, by keeping a yeast active and vigorous in 
cask, the bacteria are checked and partially crowded out 
In the lectures on brewing of which this work is an 
enlargement, a different reason was given to explain the 
stability induced by a due restriction of the diastase in the 
mash-tun. It was there suggested that the restriction of the 
diastase would be effected concurrently with the restriction of 
the ferment (the so-called * peptase M ) which acts upon the 
malt-albuminoids during mashing, forming from them the 
so-called peptones. According to that view, and so far as 
stability was concerned, the brewer in aiming at a reduction 
of the diastase, was really aiming at a reduction of the 
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amount of peptones formed. These bodies were credited 
with the quality of putrcscibility, and it was assumed that 
the defective stability of a beer brewed on the lines of 
insufficient restriction in the mash-tun conversion was directly 
due to the above putrescible bodies being formed in excess. 

The above view was put forward with due reserve, and 
it was suggested as a theory, and a theory only. At the 
present moment we are inclined to drop the theory, although 
we are not prepared to say that it is altogether inaccurate. 
It receives some confirmation from van Laer*s researches on 
the viscous ferment, in which these peptones were found to 
be particularly well adapted to nourish the ferment in question; 
and it is at any rate not improbable that what applies in 
this connection to the viscous ferment may similarly apply 
to other disease-organisms of beer. It may be added, too, 
as suggestive, that peptones play a large part in all nutritive 
preparations for the culture of bacteria. But since there is 
no direct evidence on this point, and as no work has been 
done to show any direct connection between instability of 
beer and peptone percentage in worts, it is wiser to put aside 
the theory, and to accept only that which has been investi¬ 
gated. That the maltodextrins in a beer do keep the cask 
yeasts active, and that, by so doing, they do indirectly 
induce stability, is a matter on which there is no doubt. 
Whether, however, the stability of a maltodcxtrinous beer, 
is wholly due to the facts mentioned is a question which 
cannot be answered in the present state of our knowledge. 

As van Laer’s work has been mentioned in connection 
with the peptone theory, it may be well to add that in the 
same investigation results are quoted which go to show that 
the ropy ferment will not develop so vigorously in the presence 
of much carbohydrate matter, as when the carbohydrate 
matter is low in amount or absent. This carbohydrate matter 
in the case of a beer is mainly maltodcxtrin; and it is clear 
that, with regard to this particular ferment, van Lacr comes 
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to similar conclusions to those mentioned above, although in 
a very different way. 

(d) The viscosity of a beer is in great measure due to the 
dextrin, whether that dextrin be free, or combined as malto- 
dextrin. Since the free dextrin in beers varies only within 
very slight limits, it is clear that it is the varying and con¬ 
trollable combined dextrin to which we have to look for the 
determination of a sufficient viscosity. The viscosity of 
beer is the cause of its retaining in it for some time the little 
bubbles of carbonic acid which rise to the surface when the 
pressure is relieved. A sufficiently viscous beer therefore 
will, in the language of the practical brewer, be “ beady” or 
14 lousy,” and, as every brewer knows, this is a thing to be 
distinctly aimed at For when a beer is insufficiently 
viscous the gas bubbles will at once fly to the surface, leaving 
the beer without any apparent sparkle or life in it; it will be 
41 still,” and not effervescent in appearance. 

The 44 head ” too is also in great part dependent upon the 
dextrin : for it is this constituent which forms the pellicle 
over the escaping gas bubbles which give rise to the well- 
known froth. Whether that froth disappears at once (as it 
does in champagne, for instance) or whether it is retained, 
as in the case of well-brewed stout, will depend upon the 
dextrin ; and every brewer knows that the persistency of the 
44 head,” or froth, is a thing much prized by his customers. 

The degree of headiness, and the permanentness of the 
head, are of course primarily dependent upon the condition or 
after-fermentation of the beer. The after-fermentation is, as 
we know, due to maltodextrin; that the result may be per¬ 
fected, especially so far as the appearance of beer is concerned, 
is, as we now see, also due to the same group of bodies. 

That the above remarks on head and headiness are not 
purely theoretical may be shown by any brewer who will 
prime two samples of the same beer, in the one case with 
invert-sugar syrup, in the other with maltodextrin syrup. 
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Each syrup will give rise to a fermentation in cask, so that in 
either case the gas necessary for head and hcadincss will be 
there. But while in the case of the invert primed beer, the 
gas bubbles will rise rapidly to the surface, and the head will 
be transient; in the case of the maltodextrin primed beer, 
the gas bubbles will only slowly rise to the surface, and the 
head will be relatively permanent. 

The Excessive Restriction of Diastase in the 
Mash-tun. 

When the diastase is excessively restricted in the mash- 
tun we get more than a sufficiency of maltodextrins—in fact, 
an excess of them, coupled with an unduly high type; and 
although, as we have seen, a sufficiency of these bodies when 
of normal type is essential to success, an excess, or abnor¬ 
mally high type of them, may be equally harmful. The 
defects to which an excess of maltodextrin will lead are of 
course different from those following an insufficiency—in fact 
they are the exaggeration, to a prejudicial degree, of the 
benefits accompanying a sufficiency of them. 

Since the normal or medium maltodextrins are unferment- 
able during the primary fermentation, their percentage will 
clearly govern the racking gravity or the attenuation of the 
beer ; and in the case of a wort containing an excess of them, 
the attenuations will be stubborn—in other words the racking 
gravity will be insufficiently low. A beer which does not 
attenuate sufficiently will be defective in several respects. In 
the first place it will want " cleanness H or delicacy of flavour, 
retaining some of the mawkish sweetness of the original wort 
In the next place, clarification (whether natural or artificial) 
will be found difficult Owing to the excessive amount of 
solid matter dissolved in the finished beer (and to the 
viscosity of the substances constituting the solid matter) the 
beer will rack with an excess of yeast suspended in it. In 
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a less viscous medium the yeast finds no difficulty in working 
out during the fermentation, and consequently there is no 
excess in the racked beer. The excess viscosity which pre¬ 
vents the proper working out of the yeast during the primary 
fermentation also prevents the ready deposition of the yeast 
during storage, so that within the period of a moderate 
storage no natural clarification can be expected; and the 
finings used as an artificial clarifying agent are far less readily 
effective in the case of an unduly viscous beer than in a 
normal one. The consequence of excessive maltodextrins will 
therefore be to delay and sometimes prevent clarification. 

Such beers as these too frequently throw up a yeasty head 
during storage, owing to the reproduction of the yeast-cells in 
fermenting out the excess of maltose formed by them from the 
excess of maltodextrins, and this is sometimes accompanied 
by a tumultuous and excessive cask-fermentation known as 
a fret. 

Frets are certainly more often due to another cause—to 
the presence in the beer of what appears to be unfermented 
maltose, but what are really somewhat fermentable low-type 
maltodextrins. This will be dealt with subsequently. Still 
when the maltodextrins are of normal type, and when they 
arc in decided excess, there is a tendency for the beer to show 
a species of fret, one in which there is much yeast reproduction 
and consequently much turbidity. Both forms of fret are 
of course more likely to be met with in the summer months, 
when the worts absorb from the air the large amounts of wild 
yeasts distributed in it during the warm season. This 
excessive kind of cask fermentation is not by any means 
conducive to stability. Stability is certainly determined by 
a sufficient conditioning, but any tendency to violence or 
tumultuousness seems on the other hand to subsequently 
induce the development of bacteria. That such is the case 
is only in accord with analogous natural phenomena.* Al- 
• Compare * Phenomena of Symbiosis.* 
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though, therefore, a sufficiency of maltodextrins is necessary 
for stability, an excess of them is harmful in this respect 

Although we cannot lay down any hard and fast rules 
for the maltodextrin rate, since this will depend greatly 
upon the class of beer it is desired to produce, and the use 
or non-use of sugars, yet as a rule, the best results are 
obtained when the worts contain from 12 to 16 per cent of 
them calculated on dry wort solids. 

Conditions other than Mash Liquor Heats 
Affecting the Restriction of Diastase. 

(a) The increase of heat due to the chemical action of 
diastatic conversion . When malts are of good quality, and 
where the vessel is so constructed and so placed that there 
shall be a minimum of loss of heat by radiation, there is always 
a distinct rise in the temperature of the mash commencing 
shortly after the intermixture of the grist and water. This rise 
will vary according to the materials, the structure, and the 
position of the tun. Under favourable circumstances it may 
amount to 5 0 F.; it is more frequently 2-3 0 F., and in very 
many cases there is no appreciable rise at all. When the rise 
is appreciable, and especially when it is rapid, it becomes a 
factor for consideration; and upon the actual goods heats 
prevailing during, and subsequent to, the rise, will the type of 
conversion in great part depend. This fact is sufficiently 
obvious and requires no further explanation. It will also be 
clear that the extent to which the heat-increase will affect 
the conversion will depend upon the rapidity with which the 
rise commences and with which the maximum heat is attained. 
This is manifest from the considerations dealt with shortly 
in this chapter (p. 225) and in Chapter II. (p. 93). When in 
a given tun the rise in heat is in excess of what it usually is in 
that tun, we get some indication of an excessive diastatic 
conversion; and this should be met at once by the employ- 
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ment of a higher conversion-temperature, by which we shall 
keep the excessive vigour of the diastase in check. 

(b) Influence of concentration. The concentration of a 
mash has been found to exercise a not inappreciable influence 
upon the type of wort produced ; the more liquid the mash, 
other things being equal, the more active the diastase. The 
brewer, however, cannot hope to exercise any very marked con¬ 
trol over the type of his conversion by alterations in the liquor 
rate, for he is compelled, for practical reasons, to mash with not 
less than i£ barrels per quarter and not over 3 barrels per 
quarter. Although these limits are somewhat narrow from a 
theoretical standpoint, they are yet sufficiently wide, to allow 
of an extra diastatic conversion at the higher, as compared to 
the lower, rate. By this, we mean that any given malt 
mashed with three barrels will give a wort richer in maltose, 
and poorer in maltodextrins, than when worked with half that 
quantity of liquor, the conversion-temperatures remaining the 
same in each case. Whether this is due to any direct chemical 
influence of the increased bulk of liquor upon the diastase is 
doubtful; it seems to us more probable that the increased 
diastatic activity prevailing in the presence of much water is 
due rather to the more complete extraction of such diastase 
as may be present under the influence of the greater volume of 
extracting medium. In other words, we are inclined to regard 
the matter as mechanical rather than chemical. That it should 
be so, would be only on a line with observations on all other 
extractive processes. Whenever we desire to extract the 
whole, or the maximum, of a soluble substance from a 
mixture with an insoluble substance, we use a large volume of 
water. In addition to the increase of water mechanically 
assisting the rapid extraction of diastase, it doubtless assists 
the conversion as a whole by wetting the starch more rapidly, 
and thus bringing it into a condition to be more rapidly acted 
upon by the diastase. It might be argued on the other side, 
that the mashing process is not quite analogous to an ordinary 
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extracting process, in so far as such diastase as would not be 
dissolved out with ij barrel per quarter, would certainly be 
extracted during the sparging operations. This is so, in a 
way; but it must be remembered that considerations of 
extract (as will subsequently be shown) compel the brewer to 
use hotter liquor for the spargings than for mashings, and 
although the bulk of sparge liquors might be adequate for the 
complete extraction of the residual diastase, its temperature 
would be such as to render it partially inert for purposes of 
saccharification. 

(c) Influence of time. The researches quoted in Chapter 
IL (see p. 106) demonstrate that the composition of a wort 
is to all intents and purposes settled by the conditions pre¬ 
vailing during the first thirty minutes of mashing; and this 
amounts to saying that if we abstract from a mashing a sample 
of wort at the end of this time, and at the end of, say, two hours, 
the percentages of the maltose, maltodextrins, and dextrin, 
will be practically the same in each case, when calculated upon 
the dry wort solids. Wc arc aware that this statement, which 
we base upon analyses of worts brewed on the practical scale, 
as well as upon the researches already referred to, is in direct 
contradiction to some experiments published by Graham.* 
Graham's experiments went to show that as a wort stands, so 
does the maltose contained in it increase ; in other words, that 
the longer we stand, the more work do we get out of our 
diastase. It is not difficult to understand, however, when 
the methods adopted by Graham are considered, that the 
figures in question must not be accepted as representative of 
the influence of time upon diastatic action ; for in the in¬ 
vestigations two points have been ignored, and it is due to 
them that the results gave rise to an erroneous deduction. 
Graham has omitted to take into account (1) the ready- 
formed sugars in the malt, (2) the changes occurring in these 

* Society Chemical Indmtry : Proceeding*, Annual General Meeting, 18S1, 

p. iy. 
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sugars during mashing. He calculates his maltose from the 
gross reducing action of the wort samples, and his dextrin 
is obtained by converting the maltose and dextrin into 
dextrose by boiling with acid, estimating the dextrose by 
Fehling’s solution, subtracting the dextrose due to the 
maltose, and referring back the balance of dextrose to 
dextrin. We are not concerned for the moment to criticise 
the above method of determining dextrin; this is treated of in 
the analytical section of the work (p. 456), and for the moment 
we will assume that the above method does give us the dextrin 
with sufficient accuracy. It will be clear, however, that the 
two points above referred to are of substantial importance. 

In estimating the maltose from the total reducing power 
of the wort, Graham includes the invert-sugar present in the 
malt In converting the dextrin into dextrose for the 
estimation of the latter he will include, besides the dextrose 
due to the conversion of the maltose, the invert-sugar formed 
from the cane-sugar in the malt by the action of the boiling 
acid. The maltose, therefore, includes the invert-sugar; the 
dextrin includes the cane-sugar. If these sugars suffered 
no change during the mashing process, the above method, 
although inherently faulty, would not necessarily detract from 
the deductions which might be formed from the results in 
respect to maltose and dextrin proportions. But they do alter, 
for the cane-sugar will gradually become invert-sugar as the 
wort stands in the mashing vessel (see p. 155). The effects 
of this, according to Graham’s method, will be clearly to raise 
the apparent maltose, and to decrease the apparent dextrin 
during the prolongation of the mashing process. Suppose 
only 1 per cent, of cane-sugar be inverted, this will show in 
the relative proportions of maltose and dextrin, as estimated 
by Graham’s method, as follows: if there were, previous to 
that inversion, 43 per cent, (apparent) maltose and 14 per cent, 
(apparent) dextrin, the figures after inversion will stand at 
maltose 45 per cent., dextrin 13 per cent 
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In view of these facts, we do not feel inclined to regard 
Graham’s figures as necessitating any qualification of the 
statement we have made, that is, that, so far as time is 
concerned, with respect to the quality or type of wort pro¬ 
duced ; the wort alter standing for thirty minutes, and for two 
hours, will be to all intents and purposes the same. 

Having regard to the fact that the type of wort is prac¬ 
tically settled within the first half hour of the intermixture 
of the grist and the liquor, it will follow that in the employ¬ 
ment of " underlets,” the time at which the underlet is applied 
will exercise a very appreciable influence. If, for instance, 
the underlet is added immediately after the mash is in, the 
rise of temperature at this stage will be seen to restrict the 
diastatic activity very appreciably, and, as a consequence, we 
shall find in our wort less maltose and more maltodextrin than 
had the underlet not been applied. But if, on the other hand, 
the underlet is applied, say, thirty-five minutes alter mashing, 
its influence in regard to diastatic action will be inappreciable, 
for by the time it is applied, the type of wort is practically 
already settled. The earlier we apply an underlet, therefore, 
the more restriction shall we get from the rise in heat which 
its application effects; and after a certain time we may 
regard its application as influencing only the type of extract 
which is yielded by the malt during later mashing and during 
sparging. So for as that portion of the extract is concerned 
which is yielded by the malt at once, or at any rate quite 
early in the process—and in good material this constitutes 
nearly the whole of the total extract—its influence will be 
quite immaterial 

It may occur to readers to inquire at this point why, if this 
be so, the worts should not be taken at the expiration of the 
time when the chemical composition of the wort has arrived 
at a point of equilibrium; why, in fact, the brew should 
stand two hours or more, when thirty minutes would seem from 
the above consideration to suffice ? The answer to this is 

Q 2 
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that although the quality of the extract may be the same In 
either case, the quantity will be different, and it this question 
of quantity of extract, that compels the brewer to stand his 
mash for a longer time than that which determines the 
relative chemical composition of the wort. This will be 
shortly treated of. 

(d) Influence of saline water constituents on diastatic 
restriction. This has been dealt with in Chapter I., to which 
reference should here be made (p. 19). 

Restriction of Diastase in Mash-tun Compared to 
Restriction of Diastase on the Kiln Floors. 

Although hitherto only lightly touched upon, it will be 
remembered that the higher our heats in our mash-tun the 
more restricted will be the action of the diastase—in other 
words, the more rich in maltodextrins will be our worts, and 
the higher will be their type. That statement will apply 
equally to any given quantity of malt, of whatever quality 
or kind. 

It will be remembered, from considerations given in 
detail in Chapter II., that the higher we dry a malt on the 
kiln floors, the less diastase will there be in that malt. 
Hence, if we now regard the mashing system as a constant, 
and the malt as variable, we may say that the higher dried 
our malt is, the more restricted will be the action of the 
diastase, and the more rich in maltodextrins will be our worts. 
Now it is quite possible to conceive that we may obtain an 
equal amount of restriction by mashing on the one hand a 
high-dried malt at a low temperature and a low-dried 
malt at a high temperature, '.hat such a thing is not 
only possible but practically attainable must be clear. Let 
us suppose now that we have so adjusted our two mashing 
systems to our two malts that in each case the diastase has 
been working under an equal burden of restriction. The 
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point arises, will the two worts so produced be identical in 
chemical composition, or will they differ ? This point is one of 
great importance in our opinion, and we shall have to deal 
with it at length. 

Two worts prepared in the manner above described, if the 
adjustment has been perfect, will polarise identically. This 
will be clear from the fact that the diastase restriction has been 
identical in each case. Now the polarimetric value of a wort 
depends upon the relative amounts of total maltose (L e., free 
maltose plus maltose in maltodextrin) and of total dextrin 
(i.e., free dextrin plus dextrin in maltodextrin). The two 
worts, then, contain equal amounts of total maltose and total 
dextrin. It might at first sight be assumed from this that 
the worts would be identical; but they would not be so; and 
there will be this important difference. If we subject the 
two worts to fermentation we shall find that the one (that 
made from the lightly>dried malt mashed high) will fertbent 
to a lower point than the wort yielded by the high-dried 
malt when mashed low. If, after the fermentation, we deter¬ 
mine the reducing matter present by Fehling’s solution, we 
shall find a further difference: the wort yielded by the low- 
dried malt when mashed high containing after fermentation 
far less reducing matter than the other wort. Now the 
reducing action in a fermented wort is due to the maltose in 
the maltodextrin*; consequently the wort yielded by the high- 
dried malt when mashed low will—although containing the 
same amount of total maltose as the other wort—contain a 
larger amount of maltose locked up in the maltodextrin. In 
other words, the total maltose in the two worts is the same, 
although it is differently apportioned ; the wort from the high- 
dried malt mashed low containing more combined maltose (or 

* Wt will lor the moment disregard the unfcrmcnlnUo tad umlcgradable 
substances formed in malts, which also reduce Fchling’s solution; for the 
moment these may be assumed to be the tame in each case, and the same 
allowance be made for them* 
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maltodextrin maltose) than the other; and since the totals 
are the same it will follow that the wort from the high-dried 
malt when mashed low will contain less free maltose. That 
such is the case explains the less attenuation obtained in the 
case of that wort when fermented. 

From these facts it follows that two worts may be pre¬ 
pared as above described which give identical percentages oi 
total maltose and total dextrin, and which yet behave 
differently during fermentation, and which will be different in 
other respects, and further that such differences are due to the 
differences in type of maltodextrins yielded in either case. 

To make the matter clearer we will take a hypothetic 
example in which, for the sake of simplicity, the figures are 
assumed to come out as integers. 

Wort A is from low-dried malt mashed high ; wort U is 
from high-dried malt mashed low. 



Wort A 

(calculated on too 
parts starch conver¬ 
sion products). 

Wort B 

(calculated on too 
ports starch cuuvcr- 
sion products). 


Free dextrin. 

20 

20 

Dextrin in maltodextrin .. .. 

10 1 

10 1 

Maltose in maltodextrin .. .. 

5/ 

*5 J 

Free maltose .. . 

6$ 

55 


— 

— 

! 

100 

100 


— 

— 

In the above, 



Total dextrin .. 

30 

3 o 

M maltose 

70 

70 

„ maltodextrin . 

*5 

2 5 


( i maltose 

( l maltose 

Type of maltodextrin. 

^ 2 dextrin 

[ 0*66 dextrin 


The above figures show clearly then how two worts, 
although containing the same total maltose and total dextrin, 
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may contain different quantities of free maltose and of 
maltodextrins, and the type of maltodcxtrin may be also 
different. It is dear, too, that the wort A would ferment to 
a considerably lower point than wort B ; and it is similarly 
clear that the reducing action of wort B, after fermentation, 
would be much higher than that of wort A. 

We do not in the least commit ourselves to any theory 
attempting to explain why, when the reduction of diastase is 
mainly in the mash-tun, we get a higher type of maltodextrins 
than when the reduction is mainly on the kiln floors. All 
that we can say on this point is that, in the analysis of many 
hundreds of worts, we have found the type to be higher when 
low-dried malt is mashed high than when high-dried malt is 
mashed low, even although in both cases the worts may 
contain identical quantities of total maltose and total dextrin. 

These considerations open up fresh ground—the control 
of the type of maltodextrius, as well as their percentage, by 
the selection of malts and th« application of certain systems 
of mashing to such malts. To put it briefly, wc may say that 
when we get our main restriction of diastase in the malt 
itself, we get a maltodcxtrin richer in maltose than when we 
aim for that restriction in the mash-tun. In other words, the 
dry heat of the kiln floor tends to give us worts containing 
maltodextrins richer in maltose than the wet heat of the 
mash-tun. Which type of maltodextrin is the better, we 
shall now proceed to discuss. As a matter of fact, it will be 
seen that for certain beers we require the one kind ; for other 
beers the other. Both arc equally desirable in their respective 
places. 
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The Influence of the Type of Maltodextrin in 
Wort upon the Character of the Beer. 

It will be convenient to discuss this question under 
distinct heads, which we will take in this order. 

(a) Conditioning, or secondary fermentation. 

(i) Soundness. 

(c) Flavour. 

(d) Brightness. 

( e) “ Head.” 

(a) Conditioning . It will be remembered that the natural 
conditioning of beer depends in normal circumstances upon 
the degradation of maltodextrins in cask, by means of the 
diastase-like ferment secreted by these secondary yeasts, and 
upon the consequent fermentation of the maltose so produced. 
Now although it is true that all maltodextrins, of whatever 
type, are completely broken down by diastase in a relatively 
short time into maltose, when the diastase operates at tem¬ 
peratures and under conditions which are most favourable to 
its activity; yet, when the degrading ferment is not diastase, 
but only the diastase-like ferment which is secreted by the 
secondary yeasts, and when the temperatures and conditions 
are those which prevail in the cask, and which of course are 
not those most favouring its activity, the duration of degrada¬ 
tion is by no means short; in fact, beers stored for very long 
periods, are found to still contain an appreciable amount of 
maltodextrins. Thus an old beer, brewed by Messrs. Worth¬ 
ington and Co., of Burton, about the year 1790, was proved 
by Brown and Morris to contain 17*57 per cent, of malto¬ 
dextrins, calculated on the wort solids. The degradation of 
the maltodextrins in cask, and the elimination of the resulting 
maltose by fermentation, is therefore a slow process, and it is 
in regard to its duration and the time which has to elapse 
before its initiation, that the type of the contained malto¬ 
dextrin plays an important part 
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If the same beer is analysed at different intervals during 
storage, it will be found that the type of maltodcxtrin in it 
will have become lower, i. e., the proportion of maltose in the 
maltodextrin will have become greater. The following figures 
show this to be the case. 



These results are confirmed by Brown and Morris in the 

paper just referred to, in which lengthy storage is clearly 

proved to exercise a degrading influence upon the type of 

maltodcxtrins. The authors find that in a new strong ale the 

f l *7 maltose 
type was < , 

(l dcxtnn, 

... . ,, , . . t f2-4 maltose 

while in an old strong ale it was < , 

* 11 dextrin. 

It is thus manifest that the degradation of maltodcxtrins 
proceeds, so to say, in two stages: first, the lowering of the 
type until the maltodcxtrin shall contain a certain high 
proportion of maltose; second, the degradation of such a 
maltose-rich type into free maltose. Now this being so, it 
will follow, other things being equal, that if our beer, to start 
with, contains a type of maltodextrin rich in maltose, such 
a beer will come into condition more rapidly than a beer 
containing an equal amount of a dextrinous maltodcxtrin. 
In fact by starting with the maltose-rich maltodcxtrins we 

• The interval between analyst A and analysis B was four months, 
t These figares are calculated on too parts of dry wort-solids. 
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dispense to some extent with the preparatory degradation 
process, i.e., the degradation of the type. A maltose-rich 
maltodextrin will, in other words, produce maltose more 
rapidly than a dextrinous maltodextrin, or beers containing 
it will come into condition more rapidly. 

It will therefore follow that if in practice we require a 
beer to come into rapid condition, we shall aim for a malto¬ 
dextrin in our racked beer rich in maltose. This requirement 
applies particularly to running mild ales, which must as a rule 
be delivered in condition a very few days after racking. In 
such beers, therefore, we must use those means which yield the 
desired amount of combined maltose. From what has been 
said, it will be remembered that a high-dried malt mashed at 
a low heat will best fulfil our object Practical men have long 
been accustomed to brew their mild running ales on these lines; 
and the connection between early condition and the high pro¬ 
portion of combined maltose in the maltodextrin so obtained 
is one of the reasons for these lines having been successful. 

In a stock beer, on the other hand, early condition is neither 
requisite nor desirable. In such beer we want rather a slow 
and persistent condition, an after fermentation which shall 
continue throughout the lengthy period of storage; but its 
actual commencement may without harm be delayed to several 
weeks after racking. In order to produce this result, it is 
obvious from what has been said that our type of malto¬ 
dextrin should be of the opposite character to that required 
for running ales. We want, in fact, a dextrinous maltodextrin ; 
and such a maltodextrin is obtainable by mashing our malts 
high in the mash-tun. 

Intermediate between running mild ales on the one hand, 
and stock ales on the other, come a variety of different beers 
which have sprung into demand with the recent variation in 
public taste. A light family mild ale, such for instance as forms 
the staple product of many breweries at the present day, must 
come into fairly rapid condition—much more rapidly than stock 
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ales, and not necessarily so rapidly as running mild ales. For 
ales of this character we should therefore want a maltodextrin 
of intermediate character. 

The following determinations of maltodextrin in the worts 
of typical ales will serve as examples. 


— 

Family Bitter 
(i*n>.x 

Slock Bitter 
(*4 lb.). 

Running Ale 
(18 lb.}. 

Stout 
(*7 lb.). 

Maltose in maltodextrin 

419 


4*70 

10*00 

Dextrin in maltodextrin 

7*4 

| 

4*66 

8-30 

Total maltodextrin 

n-43 

11*19 

936 

18-30 

Type . 

1831 

189 

IH 

IBB 


in 

Isa 

■5 


(b) Soundness. As has already been explained, the sound¬ 
ness of a beer will depend in a great measure upon the 
continued activity of the cask yeasts. For a beer, therefore, 
which it is desired to stock, we shall require a sufficient amount 
of maltodextrin, and it must be of such a type as will yield a 
long and persistent cask-fermentation rather than a rapid and 
relatively transient one. For stock ales, therefore, we shall 
want a dextrinous maltodextrin, one in fact obtainable by high 
mashing heats. When, however, marked stability is of second¬ 
ary importance, as in mild running ales, the type need not 
necessarily be dextrinous; and if a relatively low type malto- 
dextrin is more suitable on other grounds for beer of this sort, 
there will be no need, on the ground of stability, to aim at 
altering the type. Now, so far as conditioning is concerned, 
we have seen that a maltose-rich maltodextrin is most suited 
to running ales; and we shall afterwards see that it is similarly 
the case in respect of flavour. That being so, and beer of 
this sort not requiring particular stability, it follows that the 
low heat in mash-tun (combined with high-dried material) 
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which we know to produce the required type of maitodextrin 
for mild ales, will on the whole best meet the general require¬ 
ments of ales of this class. For stock ales, on the other hand, 
where soundness is of paramount importance, a dextrinous 
maitodextrin is a necessity, and to obtain it we must needs 
use high mashing temperatures. 

(c) Flavour. The flavour of the maltodextrins is (like 
their reducing power and their opticity) the same as that of a 
mixture of the maltose and dextrin contained in them. This 
is a point upon which we have satisfied ourselves by tasting the 
qualities of maitodextrin made on the practical scale by the 
limited conversion of starch by means of acidulated water at 
the boiling point Now since the maitodextrin constitutes 
by far the largest proportion of the solid matter of a beer as 
racked, it is clear that the flavour imparted by that maito¬ 
dextrin will in any case be a prime factor in determining the 
flavour of the beer itself. It is, of course, the maltose con¬ 
stituents of the maitodextrin which will confer sweetness and 
that palate fulness which English brewers always associate 
with sweetness. The dextrin constituent will confer a certain 
dry body, but certainly no fulness in the sense of sweet fulness. 
It will follow, then, that if our maitodextrin is one rich in 
maltose, and granting a sufficiency of it, the flavour of the 
beer will be sweet and full, such a flavour, in fact, as we demand 
in a successfully brewed mild ale. When, on the other hand, 
the maitodextrin is dextrinous, we shall have no great sweet¬ 
ness, but a clean, dry and delicate flavour: such a flavour as is 
demanded of a successfully brewed pale ale, say of the Burton 
type. 

Now it has been shown on other grounds that the condi¬ 
tions required for the production of dextrinous maito¬ 
dextrin are those suited to the production of pale ales; and 
it is now seen that also in point of flavour, such conditions 
tally at once with our practical requirements. Fairly low- 
dried malts, then, mashed high, will, by producing dextrinous 
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maltodextrins, give the right flavour for pale ales. Analo¬ 
gously, the determination of a sweet flavour by means of a 
low-mashed high-dried malt, will tally with the practical 
requirements of a mild ale. 

(d) Brightness. Brightness has been already touched 
upon in connection with the maltodextrins, but rather 
from the view of percentage amount than of type. It will 
be remembered that in the event of our having an excess of 
maltodextrin, the viscosity of the wort or beer made is such 
as to seriously impede the natural subsidence of yeasts, or 
their removal by finings ; and it will also be remembered that 
when these bodies are markedly deficient, the lack of con¬ 
dition may leave hop-resins uncliminated, which, in their turn, 
will make the beer dim and thick. We will now, however, 
assume that the actual amount of maltodextrin is fixed, and 
that it is the type only which varies. So far as the first 
point is concerned (viscosity) it is clear that this will depend 
upon the dextrin constituent of the maltodextrin, i.c., the 
more dextrinous it is, the more viscosity will any given 
amount of maltodextrin confer. It is therefore clear that if 
we desire early brilliancy, we must aim rather at a maltose- 
rich maltodextrin than a dextrinous one; in mild ales, 
therefore, we shall do well to aim for such a type. Con¬ 
sequently, in such beers, we shall do well on this ground, as 
well as on the other grounds previously considered, to obtain 
a maltose-rich maltodextrin by means of a low-mashing heat 
and a high-dried malt 

In the case of pale ales, such early brilliancy is not a 
requisite; for beers of this sort are invariably stored for 
some time before consumption, during which time the amount 
of maltodextrin will have become reduced, and the combined 
dextrin will be reduced not only proportionately to the 
reduction of the total maltodextrin but to a greater extent on 
account of the degradation of the type. From these consider¬ 
ations, then, and having regard to the longer storage of pale 
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ales, we can safely aim for a dextrinous maltodextrin in the 
case of pale ales of the ordinary kind. When by chance, 
however, pale ales are required to come into brilliant condition 
particularly early, it might be well to reduce the dextrin 
constituent of the maltodextrin by mashing lower, and com¬ 
pensating for this extra play of diastase in the mash-tun by 
slightly raising the heats on the kiln floors. 

So far as the question of hop-resin turbidity is concerned, 
the considerations applying to them will be the same as those 
applying to cask fermentation. Consequently, for mild ales 
where early brilliancy is requisite, we must aim for a malto¬ 
dextrin rich in maltose, such a type we know being particu¬ 
larly easily degradable and fermentable, and therefore giving 
rise to after-fermentation with particular ease. On this 
ground, then, we shall brew these beers at low heats and 
from high-dried material. But, pale ales, not requiring to 
fine so rapidly, may be allowed to come into condition more 
slowly, and hence a dextrinous maltodextrin will be per¬ 
missible to such beers. 

(e) Head\ This point has been already touched upon in 
connection with the percentage of maltodextrin, to which it 
bears, perhaps, a closer relationship than with the type. But 
it is a fair presumption that it is the dextrin in the malto¬ 
dextrin which gives rise to the permanency of the head. This 
appearance would probably be of advantage in the case of 
mild as well as pale ales. But in mild ales it is hardly 
expected, and it is certainly not worth while altering the 
type of maltodextrin which we know to be most suitable 
for mild ales to secure a property which is not by any means 
an absolute requirement In the case of fine pale ales, how¬ 
ever, the permanency of head is a thing looked for and 
demanded; and the high rate of combined dextrin which 
the conditions of pale ale brewing provide, will serve to secure 
this property to such ales. 
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The Drawing-off of Wort. 

The requisite amount of maltose and maltodextrin and 
the required type of the latter having been obtained by the 
accurate adjustment of mashing-heats and concentration, 
and a sufficient time having elapsed for the conversion of 
that portion of the starch which refuses to gelatinise during 
the more active conversion, the taps are opened and the 
wort drawn off. The time required for standing the mash 
with normal material is about two hours. With badly 
vegetated malts, which contain starch, requiring a longer 
time for its solution, two and a half hours may be given; 
with well-germinated malts, on the other hand, one and a half 
hours will frequently suffice ; taking matters generally, how¬ 
ever, two hours is the time usually allowed by practical men, 
and it is found to answer well in the majority of cases. 

The taps being opened, the wort filters through the false 
bottom, and emerges from the taps bright; at any rate it 
should be so after the first ten minutes or so. Turbidity 
during the very early stages is not of very much account, being 
caused by particles of husk which have accidentally passed 
through the holes or slots of the false-bottom plates. If the 
turbidity is persistent, things are not going as they should da 
Such persistent turbidity may be caused by excessive use of 
the rakes, or by their use too late in the operations, and 
in these circumstances the remedy is of course easy. But when 
the worts are turbid with starch (which can be readily tested 
for in the usual manner (p. 96), it is a certain proof that 
the mashing-heats are wrong. Starch in the worts at this 
stage is so unusual as hardly to become a point worthy of 
lengthy discussion ; the later runnings are far more likely to 
be starchy, and the means to be adopted for dealing with 
this defect will be discussed when wc consider the later 
stages of the mash-tun operations. 

The wort as it flows from the mash-tun either pours into 
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a sort of collecting vessel known as the underbade, or it may 
flow direct into the coppers. The underbade is, however, a 
very commonly used vessel on account of its convenience. 
Worts have very frequently to be pumped into the copper, 
and where this is so, some such vessel as an underbade is 
obviously necessary. In some breweries the mash-tun 
commands the copper, but this is rare; and unless the whole 
brewery is worked on the gravitation principle, where pump¬ 
ing is wholly unnecessary, it is wisest to have the pumping 
before the boiling stage, rather than after it A pump is a 
relatively difficult thing to keep perfectly dean, and it is best 
that such contamination as may be picked up by wort in this 
way should affect it before boiling. Where, then, pumping has 
to be done somewhere, it is judicious to get it over before 
boiling, and in this case the underback is a necessary 
appliance. 

The underback is a vessel seldom large enough to take 
the whole of the wort; nor is this necessary, for the spending 
of the wort and the pumping to copper can be carried on 
simultaneously. It is usual to fit this vessel with steam coils 
sufficiently powerful to either boil the wort, or at any rate 
keep it from any drop in temperature. The benefit of these 
coils at this stage seems to be generally admitted by practical 
men, although the reason generally adduced for these benefits 
is an erroneous one. It is stated, in fact, that the object of 
the coil is to prevent further diastatic conversion in the 
wort in underback, and with this object brewers generally 
aim at raising the temperature of the wort beyond the diastatic 
limit But as a matter of fact there is no risk of any such 
action. The type of wort is settled during the first 30 minutes 
of mashing ; and although there is an abundance of diastase 
present at this point, such residual diastase has no further 
action upon the maltodcxtrins in the wort, cither during the 
later stages of mashing or sparging, or during digestion ill the 
underback at temperatures suited to its activity. It is true 
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that this diastase is quite competent to degrade to a certain 
extent starch, or starch products higher in the scale than 
those obtaining in the wort; but so far as the wort constituents 
are concerned, there is no further action either during late 
mashing, sparging, or digestion in the underbade. So far as 
the latter point is concerned, it has been definitely shown by 
one of us, with Levett and Swift, that worts digested for one 
hour at the same heats as those at which they were mashed 
showed no degradation whatever. The following figures 
prove this:—• 


— 

digestion. 

as 

digestion. 

Malt from a London Brewery *— 



Wort A, mashed at 146° .. 

50*0 

50-1 

Wort B, mashed at 150P .. 

4 ® *3 

455 

Wort C, mashed at 155° .. 

40*0 

40*4 


In the face of the general consensus of opinion among 
practical men that underback-wort should be kept hot, it is, 
perhaps, unsafe to say there is no benefit in so doing. But 
whatever the benefit may be, it has no connection whatever 
with a continued diastatic conversion at this stage. 

Although the diastase of the wort in the underback is 
without influence upon the maltodextrins contained in that 
wort, yet it has (as has been already stated) a very distinct 
and appreciable influence upon starch and upon starch-pro- 
ducts, which are higher in the series than the maltodextrins 
existing in the wort containing this diastase. It is to this 
property of diastase as it exists after say two hours’ stand that 
we owe the conversion of the starch which is brought into 
solution during sparging, and to which reference will shortly 
be made. 

• Brewing Trade Review, 1891, p. 6. 

K 
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We have found, in fact, that the diastase of underback- 
wort, though inoperative as regards the maltodextrins con¬ 
tained in that wort, will tend to convert starch and the higher 
starch-products down to the same type of extract as happens 
to be in the wort. That this is so, tallies with what we know 
as to the stages of equilibrium reached in conversions of starch- 
paste by diastatic infusions previously restricted by heating 
to definite temperatures (Chap. II., p. 113). 

Some brewers, in dealing with that kind of unsatisfactory 
material which yields starch towards the end of the sparging 
process, have been benefited by retaining in the underback 
a portion of the first wort at about the temperature at which 
it spends into that vessel, mixing it afterwards with the 
starchy later runnings, and digesting the mixture at about 
15 5 0 for from thirty to sixty minutes. By so doing the starch 
’is converted, and the conversion stops short at a reasonable 
point; and in this respect the method is preferable to treat¬ 
ing the starchy runnings with diastase solutions, for these will 
very rapidly run down the starch to free maltose and dextrin, 
and there will be but little chance of retaining any malto¬ 
dextrins in them. 

The wort then either passes from the mash-tun into the 
underback, and thence to copper, or else to copper direct If 
the goods are drained as dry as is possible, they will still retain 
a fair amount of wort: rather under one barrel of wort to the 
quarter of malt By merely opening the taps, then, we obtain 
only half to two-thirds of the total amount of wort which we 
have prepared. To extract the remainder it is necessary to 
wash the goods in some way or other. This is usually 
done by means of what is known as a sparger. 

It is necessary to carefully guard against an impression 
that might at first be formed that sparging operations consist 
entirely in the mechanical washing out of the wort already 
prepared. In a great measure this is the case; but something 
more than this is done. Were sparging merely an extraction 
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of ready prepared wort, it would be a matter of indifference 
at what temperature the sparge liquor were applied, so long 
as there were sufficiency of it. But the temperature of the 
sparge liquor is only second in importance to that of the wort 
liquor; and for this reason. 

During the standing of the mash, some of the starch which 
is ungelatinised, and therefore unconverted, during the quite 
early stages of mashing, is gradually brought into a soluble 
form, and then converted. This is the object of standing our 
mash for about two hours, although, as we know, the type of 
wort is settled in about 30 minutes. But the temperatures 
existing in the tun at this stage, and the time allowed, are 
insufficient for dealing with the whole of the residual malt 
starch; consequently, when the tun is set to drain at the 
expiration of the stand, the goods still contain a very appre¬ 
ciable amount of starch which up to this point has resisted 
gelatinisation. The amount of such residual starch will vary 
principally with the malts ; it being far less in well-germinated, 
good malt than in under-vegetated, inferior malt That this 
is so, follows from the fact that in under-vegetated malts the 
dissolution of ccllulosic tissue surrounding the starch-granules 
is not sufficiently complete, and, as a consequence, the starch 
will not entirely gelatinise at the relatively low heats pre¬ 
vailing during the early stages of the mash. It will also 
vary with the mashing conditions ; a low mashing heat clearly 
leaving a greater amount ungelatinised than a high mashing 
heat But it may be safely asserted that even the best malts 
mashed on the most appropriate lines will always fail to con¬ 
vert entirely during early mashing, and consequently when 
we start sparging the sparge liquor will impinge on what we 
may term a starch-containing material 

Now it is obvious, this being so, that the temperature of 
our sparge liquor is no indifferent matter. If the temperature 
be low, we merely extract the wort, leaving the residual 
starch unaffected ; and this means a loss of total extract If, 

K 2 
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on the other hand, we sparge too high, we certainly gelatinise 
the whole or nearly the whole of the residual starch; but 
since the diastase left in the tun at this stage will be enfeebled 
by these higher heats (and perhaps to a dangerous extent), 
and as the high temperature of the sparge liquor will still 
further enfeeble it, it follows that sparging of this sort will 
lead to the gelatinisation of the starch, and to the extraction 
of that body as such with the worts. To have starch in 
our worts in an unconverted condition is, it is hardly necessary 
to say, bad. It will at any rate interfere with brilliancy, 
on account of its viscosity. 

In order then to avoid loss of extract, and In order to 
prevent the introduction of starch, or of starch-products very 
nearly allied to starch, into our worts, it is advisable to adopt 
a medium course between high and low sparge heats. At any 
rate, they must be sufficiently high to somewhat raise the 
temperature of the goods in the tun. If they were not, they 
would not be competent to affect the starch which refused to 
gelatinise during previous mashing operations. But, for the 
reason before given, they should not greatly exceed this heat, 
even at the end of operations. It has been found by ex¬ 
perience—and experience in this case tallies with what one 
would suppose on logical grounds—that a slight and gradual 
rise in the temperature of the goods is the course to be aimed 
at If, for instance, our goods are at 152° when taps are set, 
it should be our object to raise that temperature to about 
154-155° during the early stages of sparging, permitting a 
gradual rise to about 160° or so towards the end. In applying 
our sparge liquor, however, it must be remembered that during 
the standing of the mash and the spending of the wort the 
top strata of the goods will have cooled to a considerable 
degree, and it is necessary on that ground to sparge on the 
first ten barrels at a higher heat than the rest The sparge 
liquor will therefore go on hottest at first, and gradually drop 
in heat, but the temperature of the goods (and it is this which 
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of course determines the nature of the changes) will slightly 
rise. 

Sparging is generally continued until nearly the whole of 
the available matter has been extracted. Not quite the 
whole, however, for all grain, even after most exhaustive 
sparging, will always contain some unaffected starch. To 
obtain this minute residue would not, however, pay: an 
excessive amount of sparge liquor would have to be employed, 
the subsequent necessary evaporation of which would be a 
costly process. Besides this, towards the end of sparging 
operations, as generally conducted, the whole of the diastase 
would be washed out, and the last traces of starch in the goods 
would therefore pass as such into the worts. 

The following analyses of worts, A from well-grown malt, 
B from under-vegetated malt, show the maltodextrins in the 
respective extracts. 


— 

1st Copper. 

•nd Copper. 


Combined maltose . 

V 7 C 

A ’22 


Combined dextrin. 

7*44 

*» 

8*40 

A. 




From well- 
grown malt 

Total maltodextrin . 

ir 19 

12*62 



mm 

WBM 


Type . 

H9 

IB 


f Combined maltose .. .. .. 

a*o6 

m 


Combined dextrin. 

2*64 

B. 




From badly- 
grown malt. 

Total maltodextrin . 

470 

1653 


WBM 

wmm 


Type . 

HEQI 

m 


It will be seen that in the case of worts from malt A, the 
maltodextrins arc of practically the same type in the first 
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and second coppers. This*is the result of well-made malt 
mashed appropriately. But where the ill-vegetated malt B 
was used, we find in second copper, the result of a very incom¬ 
plete conversion of that portion of the starch (and in this case 
it would constitute an appreciable fraction of the whole) which 
refused to gelatinise until sparging operations had commenced. 

In dealing with fairly good material, abnormal types and 
amounts of maltodextrins are not to be anticipated. But when 
material is under-vcgetatcd, and when, in consequence, the 
starch is stubborn to gelatinise, the tendency to yield either 
starch, or what may be termed incompletely transformed 
starch, during the later stages of sparging, is a very serious 
difficulty, and it may be said that, to all intents and purposes, 
these very dextrinous maltodextrins which are closely allied 
to starch, are as bad as starch in practical operations. In the 
year 1889, brewers using the 1888 barleys, experienced an 
enormous amount of difficulty from this particular cause. 
The weather of 1888 was so unseasonable as to produce 
barleys, not only here, but in many countries abroad, which 
vegetated most unsatisfactorily. As a consequence, they 
contained much starch which refused to gelatinise during 
mashing, thus leaving an excessive residue for extraction 
during sparging. 

In dealing with malt of this sort, it is well to mash in such 
a manner that the mash-tun heats shall rise gradually through¬ 
out the operations, that the maximum limit shall be a fairly 
low one, and that the various standing periods shall be 
increased. It is found to be an advantage, too, to have a 
second mash before starting sparging operations, in order, of 
course, to reduce the amount of residual starch which would 
otherwise fail to be gelatinised until sparging was reached. 
The most successful plan is to mash for about 147 0 as an 
initial goods-heat, bringing up to 150° by a 14 piece ”25 minutes 
after mashing, standing 2^ hours from time of mashing, setting 
tap, and drawing off one barrel per quarter, then mashing up 
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again with i£ barrels per quarter, at such a heat as will raise 
the temperature of goods to 154°, and standing for about forty 
minutes. Taps are again set, and the sparge liquor turned on, 
the heat of this being never allowed to raise the goods-heat 
beyond 158°. 

It will be plain, on considering the question, that such a 
course as this is the one most appropriate to the difficulty. 
If we mash too low, we leave a greater residue of starch to 
be extracted during sparging. If we mash high, the diastase, 
which will have the subsequent burden of partly converting 
the sparge-extracted starch thrown upon it, will be too en¬ 
feebled during the early stages to do its work during the latter. 

When starch makes its appearance in the last runnings the 
brewer should slightly raise his mashing heats, either of the 
initial or of the piece, and lower his sparging heats. He should 
also allow the first mashes to stand longer, and, if necessary, 
mash up a second time. To shut taps periodically during 
sparging, and digest the goods for some little time, will be of 
similar service. These suggestions will be obvious on reference 
to previous considerations. 

The amount of liquor poured over the goods in sparging 
will depend upon various circumstances. As a rule, it will vary, 
for beers of ordinary gravity, between four and five barrels per 
quarter, making, with two barrels per quarter of mash liquor, 
a rough total of six to seven barrels per quarter. When sugar 
is used, the amount of sparge liquor will be greater than in all¬ 
malt beers ; again, it will be greater when the worts are boiled 
in two or more lengths and not in one. The effect of the 
amount of sparge liquor is a curious and an obscure one. 
It seems pretty certain from the experiences of practical men 
that the more liquor is poured over goods, the lower will be 
the subsequent attenuations. Thus if in one case six barrels 
arc passed over the goods, and in the other case eight, and if 
evaporation is so conducted as to produce a wort of the same 
ultimate gravity in both cases, during fermentation the second 
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beer will attenuate more completely than the first We person¬ 
ally have known instances where these points seem to have 
been proved in practice, and where they could not be referred to 
other possible causes. If the solids in the later runnings con¬ 
tained more maltose and less maltodextrin than those in the 
earlier worts, the thing would be clear enough ; but, as a rule, 
this is not the case, and if there is any difference between them, 
it is usually in the direction of the later runnings being less 
relatively rich in maltose. Practical men have ascribed the 
fermentability of the later runnings to the extraction at that 
stage of some peculiarly assimilable nitrogenous matter. But 
this suggestion, which is diametrically opposed to logical 
deduction, rests on no experimental basis, and it may be 
ignored. At the present moment the point is unexplained. 


The Mashing of Stout and Porter Worts. 

The considerations, which have been hitherto touched upon, 
and which refer to ales, pale and mild, will assume a some¬ 
what different aspect when we turn to the mashing of black 
worts. A very essential difference between a black beer and 
a pale or mild ale is, that while in ales brilliancy is of para¬ 
mount importance, in stouts and porters it need not be con¬ 
sidered. This being so, we are at once relieved from many 
restrictions which it is necessary to observe in ale brewing; 
thus, for instance, marked viscosity, which is so risky in ale 
brewing, is not only permissible but actually desirable in stouts 
and porters. 

The principal requirements of stouts and porters are (putting 
aside their characteristic empyreumatic flavour) fulness, high 
condition, a marked head, and a certain amount of stability. 
It will be plain from what has been said that to obtain these 
properties we must clearly aim for a very high proportion of 
maltodextrins—such a proportion in fact, which in the case 
of ale would be quite inadmissible on the ground of subsequent 
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turbidity. In order, therefore, to obtain the desired amounts of 
maitodextrin, it is clear that we shall want a marked diastatic 
restriction, either in the malt-kiln or in the mash-tua It is 
usual in stout brewing to rely rather on the former than on 
the mash-tun restriction, and in the majority of cases this 
would be wise, since the full flavour which is desired is, we 
know, producible rather from high heats on the kiln floor, than 
from high heats in the mash-tua When, however, stouts of 
particularly marked head, body, and viscosity are demanded, 
brewers do well to supplement the already great restriction 
in the kilns by a further restriction in the mash-tua The 
disadvantage, however, of any very high heat in the mash-tun 
is b respect of the fermentations, the amount of malto- 
dextrin produced in this way being so enormous as to prevent 
attenuation beyond about one-half the gravity, or yeast re¬ 
production to a normal extent. Stouts brewed in this way, 
however, are remarkably full; they come into rapid condition, 
which is long sustained, and they invariably give a firm and 
(tcrsislcnt head. 

liy talking of the restriction of the diastase of black-beer 
malts on the kilns, it is not meant that the malts in ques¬ 
tion are all uniformly cured at high heats for this purpose. 
In point of fact, stout grists are usually compounded of 
mixtures of various malts, black, crystallised, brown, amber, 
and ordinary fairly pale material. The black, the brown, the 
crystallised and other similar material, is heated to such an 
extent as to have had its diastase entirely killed: b fact, from 
various analyses of these malts we are able to say that black 
and crystallised malts contain absolutely no diastase, brown 
malt containing such a trace as to be inappreciable. The 
diastatic capacity of amber malt is about 5 to 10 (Lintner’s 
standard). The relatively pale malt used for stout brewing 
would average about 29. The mean diastatic capacity of 
the whole, then, would be fairly low, and we are within 
our right in referring to a stout grist as one in which 
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the diastase has been very extremely checked by dry 
heat 

In brewing ales we had to carefully avoid the dextrinous 
maltodextrins and the starchy matter which is likely to be 
extracted towards the end of sparging operations. In stouts, 
however, the viscosity, the frettiness, and the M head” they 
will confer are to be aimed at, since the risk of thickness 
does not apply in this case. Brewers, therefore, sparge their 
stout goods at higher heats than they do their ale goods, and 
it is usual for them to encourage the extraction of starchy or 
semi-starchy matter at this stage by raising the heat of the 
sparge liquor gradually towards the end, instead of dropping 
it, as in ale brewing. The low initial mashes adopted by 
some successful stout brewers would probably aid this 
extraction of starchy matter towards the end of operations ; 
for a larger residue of starch would remain to be converted 
at the conclusion of the mash proper, and this would certainly 
stand no chance of conversion towards the end of sparging 
operations. 
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CHAPTER VI. 

THE BOILING AND COOLING OF THE WORT. 

OBJECTS ATTAINED BY BOILING. 

WHEN the wort has been prepared, it is boiled for some time 
with hops. The objects of this process are these:— 

(<i) The concentration of the wort 

(h) The extraction from the hops of their soluble con¬ 
stituents. 

(i c) The complete sterilisation of the wort 

(< d) The coagulation of the albuminoids. 

( e ) The destruction of the diastase, and consequent fixa¬ 
tion of starch conversion products. 

(a) The concentration of the wort . In the event of our 
being unable to dispel a certain proportion of the water used 
in sparging operations by subsequent ebullition, we should 
either have to greatly lessen the amount of the sparge liquor, 
or else add an enormous proportion of sugar, unless we were 
content to brew beers of very low gravity. As a rule, during 
copper-boiling, about 25 per cent of the wort is dispelled; 
and there is in addition a slight subsequent concentration 
during cooling, owing to evaporation at that stage. The 
structure of the copper, and the employment or non-employ¬ 
ment of various subsidiary boiling appliances, will determine 
a greater or less evaporation ; but about 25 per cent may be 
taken as a fair average under normal conditions, and there 
seems no particular object in aiming at any greater degree of 
concentration. If we endeavoured to reduce the necessity for 
concentration by reducing the volume of sparge liquor, we 
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should certainly lose extract; while any endeavour to keep 
up gravities by an excessive use of sugar, would certainly 
change the general character of the beer. 

(b) In Chapter III. the constituents of the hops were 
enumerated and described. It is during boiling that we avail 
ourselves of the properties which they possess. In the 
first place we extract the tannic acid, or more strictly speaking 
a large portion of it; for spent hops which have been boiled 
twice—the total boiling period amounting to 5 hours—will yet 
be found to contain a certain proportion of this constituent* 
The function of the tannic acid is to precipitate certain 
nitrogenous bodies, which are uncoagulated by heat These 
substances, i. e., those which are uncoagulated by heat but are 
precipitated by tannin, arc referred to in brewing literature as 
peptones, though there is no absolute evidence in support of 
these being bodies coming strictly under this designation. 
Reasons have been given for assuming that these par¬ 
ticular bodies are undesirable from the standpoint of beer 
stability ; their partial precipitation by the tannic acid of the 
hops, and their consequent separation in the hop back, would 
therefore be a point to the good, so far as the soundness of beer 
is concerned. 

The coagulable albuminoids require no tannic acid for 
their coagulation, and these substances would appear to 
separate on merely heating and without the agency of tannic 
acid. But the uncoagulable albuminoids referred to would 
appear to require some such precipitant as tannic acid for 
their removal. The precipitation is, however, an incomplete 
one. If, for instance, we take a wort, boil it to separate the 
coagulable albuminoids, filter these off, and then boil the 
whole with an amount of hops equivalent to the exceedingly 
high rate of 30 lb. per quarter, the filtrate after removal of the 
so formed precipitate will still give a further precipitate on the 
addition of more tannic acid. There would therefore seem to 
be an amount of these bodies in wort in excess of that capable 
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of being precipitated by the tannic acid contained in—or rather 
extracted from—such amounts of hops as arc used in practical 
operations. That this is so is curious, and the whole matter 
requires investigation. For, on other grounds it would seem 
that finished beer, when fairly heavily hopped, contains some 
free tannic acid. At any rate a strongly hopped bitter ale will 
give a precipitate on intermixture with a heavy, but lightly 
hopped, mild ale, which certainly appears to be identical with 
the precipitate of tannic acid and degraded albuminoids. On 
the one hand, therefore, the degraded albuminoids would 
appear to be in excess; on the other hand, the tannic add 
would seem to be in excess. There is no adequate explana¬ 
tion for these facts, and it is only possible to state barely what 
has been found. But in spite of many points which require 
dearing up, it is yet a reasonable presumption that the more 
hops we add to our worts, the more of these albuminous 
bodies do we precipitate. Granting that these substances are 
undesirable—and there is reason to suppose that they are so— 
it will follow that tannic acid, as being responsible for thdr 
removal, may be regarded (indirectly) as an antiseptic 

The chief antiseptic value of the hops, however, lies in the 
bitter resins which they yield to boiling wort It will be 
remembered that one of them—a soft resin—is endowed 
with particularly active antiseptic properties ; it will further 
be remembered, however, that on protracted boiling tills soft 
resin is converted into a hard resin which is not endowed 
with antiseptic properties. That such is the case would be 
a reason for not boiling a wort with spent hops only; at any 
rate this should be guarded against in the case of ales which 
it is desired shall keep sound for some time Such a prac¬ 
tice obtains in some breweries, so far as the main bulk of 
wort is concerned, but these breweries are very few. It is, 
however, a fairly common practice to boil the second wort 
with the spent hops from the first wort Such hops, however, 
would contain no appreciable antiseptic properties so far 
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as the resins are concerned, and, excepting in very quick 
running-ales, it is, on the grounds named, more judicious to 
use a smaller hop rate for the first copper, reserving a portion 
of the fresh hops for the second copper. 

Apart from the antiseptic value due to the resin, and in 
a less degree to the tannic acid, there is yet another hop 
constituent which must be regarded as having some indirect 
antiseptic value—we refer to the acid of the hops other than 
the tannic acid, and which is probably mainly composed of 
malic acid. From the following experiments by one of us,* 
it will be seen that worts contain about double as much acid 
after hopping as before, the rate of hopping in question being 
such as is customary in ordinary practical operations. 



Gravity of wort 

Add as Lactic 
add. 

Wort from mash-tun . 

Same wort (hopped) from copper. 

Wort from mash-tun •• •• . . 

Same wort (hopped) from copper. 

1st copper wort (hopped) M . .. 

1077-5 

1090-15 
1078*6 

1093 * I 

1093 05 
1051*88 

Per cent. 

0*0724 

0*1317 

0-0730 
01338 
o-1450 

0*0991 

2nd >. .. „ .. a . .. .. .» 

,, ,, ,, •• •• .. •• .. •• 


We shall shortly learn that the acidity of the wort is 
in great measure productive of its complete sterilisation 
during copper boiling; and the extra acidity derived from 
the hops must be credited with playing a useful part in pro¬ 
moting this essential end. Apart from this, however, wc 
know on general grounds that acidity, within reasonable limits, 
will, while not discouraging alcoholic fermentation, distinctly 
check the development of bacteria; and it is probable that 
the hop acidity constitutes a valuable factor in the keeping 
properties of beers. 

The hop-oils which contribute thp delicate flavour and 
* Morris, Transactions Laboratory Club, iii. (1880), p. 34. 
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aroma of beers, are extracted during the boiling process, but 
are partially expelled. The aromatic atmosphere in the 
neighbourhood of a brewery where wort is being boiled, is 
sufficiently suggestive of the loss of these volatile bodies 
during ebullition. It is customary in the case of beers which 
it is desired shall possess a delicate flavour and aroma, to 
reserve a portion of fresh hops until ten minutes or so before 
turning out the coppers. The portion so added yields the 
greater portion of its oil, the time allowed being insuffi¬ 
cient for its expulsion. The practice of adding hops to the 
finished beers in cask—or dry hopping, as it is termed—is in 
great measure performed to ensure the same end. 

The alkaloids will also become dissolved in the worts 
during boiling. These bodies, however, are, so far as we 
know, of no chemical interest; they are rather of importance 
from the physiological standpoint, and they need not be con¬ 
sidered at this stage. 

The hop leaves—that is, the insoluble portion of the hop— 
perform their useful filtering functions when the wort has 
finished boiling, and has passed to the next vessel, the hop 
back. But, having a certain. duty to perform subsequently, 
it is necessary that during boiling they should not be unduly 
disintegrated. In that case they become much reduced in 
value as a filtering medium. Their condition at the con¬ 
clusion of boiling, in this respect, does not depend, so far as 
wc know, upon any chemical properties of the wort; but 
much depends upon the manner in which the worts are 
boiled. There are, for instance, certain boiling appliances— 
fountains and wort-heaters—which unduly agitate the wort and 
the hops, bringing them in the case of fountains with consider¬ 
able force against the cap of that appliance. It is agitation of 
this sort which disintegrates the hop leaves, and which, instead 
of leaving the hops in the liopback in the form of a loose 
filtering medium, makes them a sort of compact muddy layer, 
through which filtration is never satisfactory. The hop leaves, 
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again, may mechanically assist in the satisfactory coagulation 
of the albuminoids, which we shall shortly consider. When 
they are unduly disintegrated any such assistance would be 
lost 

(c) The sterilisation of the wort is perhaps the most 
important of the various changes occurring during copper 
boiling. It puts all worts on an equal footing so far as existing 
organisms are concerned, whether such worts are summer- 
brewed or winter-brewed, or prepared from pure materials or 
bad materials, or in clean plant or dirty plant Subsequent 
deterioration will or will not take place according, firstly, to the 
nutrient matters (in respect of bacteria) contained in the wort, 
and secondly to the infection the wort and beer may suffer 
subsequent to the boiling process. Although in strict con¬ 
formity with conclusions deducible from previous research, the 
question of the complete sterilisation of wort during copper 
boiling was one about which there was, not many years ago, 
considerable argument, it was alleged by those who ques¬ 
tioned the assertion, that the researches of Tyndall and 
others, proving the survival of bacteria after protracted boiling 
in water, threw doubt upon the destruction of similar organisms 
during wort-boiling. This objection was answered by those 
who upheld the sterilisation argument that boiling in water and 
boiling in hopped wort were two very different things, and 
that such organisms as might survive ebullition in water could 
not live through ebullition in a slightly acid medium, like 
wort containing hop-extract, and boiling at a slightly higher 
point than water. The matter was argued with some force on 
either side, and was only put at rest finally by the researches 
of one of us.* It was then shown that all malts, whether 
good, bad, or indifferent, will yield an infusion in which, when 
hopped and boiled, all contained organisms are destroyed, 
and that, too, in a far less time than the period usually devoted 
to boiling operations in practice. The following experiments, 
* Morris, Transactions Laboratory Club, iil (1890), p. 33. 
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which are quoted from the researches in question, show this 
to be the case. 


If alt nt.i1 

Mashed at ijS° F. 

Mashed at 
z<8°F., and 
the filtered 
mash after¬ 
wards boiled 
for 15 mins, 
alone. 


After 48 hours' forcing 
(unboiled). 

After 96 hours* forcing 
(unboiled). 

London .. 

Groups of bacilli 
with long lepto- 
thrix forms, and 
some short active 
bacteria. 

Growth much 

developed. 

No trace 
of growth 
after 21 
days' fore- 

|D W 

Sheffield .. 

Some short bac¬ 
teria. 

Full of short, con¬ 
stricted bacteria, 
and some short 
rod bacteria. 

Hereford .. 

Few short bac¬ 
teria. 

Swarming with 
bacilli, short rod 
and constricted 
bacteria and mi¬ 
crococci. 

Do. 

Lincolnshire, 
No. I. 

Great many short 
constricted bac¬ 
teria, and some 
micrococci. 

Growth much 

developed. 

Do. 

Lincolnshire, 
No. 11 . 

Very great many 
medium ami short 
rod bacteria and 
some bacilli. 

Do. 

Do. 

Burton (Mild 
Ale). 

Trace only bac¬ 
teria. 

Fullofbacilli, short 
rod and con¬ 
stricted bacteria 
and micrococci. 

Da 

Burton, 1888 
(dried at 
215 0 F.). 

FuU of bacilli with 
leptothrix forms, 
rod and con¬ 
stricted bacteria. 


Do. 

Barton, 1889 
(dried at 
215 0 F.). 

Few constricted 
bacteria. 

Great many rod 
and constricted 
bacteria and 

some bacilli. 

Do. 


Mashed at 
«8° F., and 
tne filtered 
mash after* 
wards boiled 
for 15 mins, 
with hops. 


[No trace 
of growth 
after 21 
days* forc¬ 
ing. 

Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


It will be observed that boiling with hops for only 15 
minutes completely sterilises all these worts, made from all 
kinds of malts, some of them having been purposely selected 
on account of their very inferior quality. There is no need 
now to feel the minutest shadow of doubt upon the sterilisation 
of wort, and the opposition to it at one time put forth by 


s 
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chemists of name and position, has now died down to the very 
occasional questionings of irresponsible persons. 

The sterilisation of wort must not be construed, however, as 
removing the need of freedom from preventable infection during 
the stages anterior to boiling, or as removing the necessity for a 
pure water and good material. So sure as water is polluted, 
or mash-tun plant or pipes dirty, so will bacterial deterioration 
make itself felt in the resulting beer. For impure materials 
and dirty plant will convey into the wort matters of a kind 
suited to the subsequent development of organisms gaining 
access to the brewing, after the boiling process is completed, 
and the mere fact that bacteria are killed during boiling will 
mean a solution in the wort at that stage of the substance 
of such organisms, substances which must on every ground be 
peculiarly suited to the nutrition of organisms introduced at a 
later stage. Although, therefore, the boiling of wort must be 
regarded as certainly killing all bacteria existing prior to that 
stage, yet there is still the utmost need for complete cleanli¬ 
ness of plant used in processes anterior to boiling. 

The fact that copper boiling effects sterilisation makes it 
at once clear why summer-brewed beers are less stable than 
those brewed in winter, even when material and system and 
plant are identically the same in both seasons. By placing 
worts, brewed at whatever season, on the same footing, as boil¬ 
ing does, deterioration will clearly depend upon some factor 
operating at a later stage. It is well known that the atmosphere 
in summer is enormously richer in organisms than the 
atmosphere in the same locality during winter; it is therefore 
not surprising that, other things being equal, the wort exposed 
to the infected summer atmosphere during cooling operations 
should yield a less stable beer than the wort exposed to the 
relatively pure atmosphere of the winter months. If worts 
were not sterilised during boiling it would be hard to explain 
these facts : in fact it might be fairly said that without sterili¬ 
sation in copper, the number of bacteria originally adherent to 
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malt, and surviving the mashing process, would suffice, in the 
case of the best materials, the best system, and the cleanest 
plant, to ruin all chances of the stability of the resulting 
beer. 

(d) So far as the coagulation of the albuminoids is con* 
cerned, this change proceeds under normal conditions readily 
and well It is retarded to some extent when the hop leaves 
are unduly disintegrated by excessive agitation ; but its 
completeness or incompleteness is settled less by the con¬ 
ditions of boiling than by the chemical composition of the 
wort; and, so far as we know, apart from the mechanical 
influence of the insoluble portion of the, hops its satisfactori¬ 
ness is not dependent either upon the quality, the quantity, or 
the distribution of the hops. It will be remembered that the 
saline constituents of the water have an important bearing on 
this point; the mashing operation, in determining the amount 
of coagulable albuminoids transformed into the uncoagulable 
albuminoids must also play a part in the total amount of 
nitrogenous matter separated by the boiling process. The 
temperature of the boiling will probably play no part in this 
rcactioa In fact it may be that the higher the boiling point, 
the more do we redissolve of the albuminoids once coagulated. 
Judging from appearances, wort heated to 175° F. “breaks’* 
more satisfactorily than wort boiled; at any rate the large 
curds separated at the lower point break up into smaller 
particles during protracted boiling. Were the coagulation of 
the albuminoids the only object we had in view at this stage, 
it might be well on this ground to boil for shorter periods 
than are customary. But the extraction of the soluble hop 
constituents necessitates our passing over the possible ad¬ 
vantages of the more satisfactory coagulation which we 
obtain just before boiling, or during quite the early stages of 
boiling. 

(«) That the diastase is absolutely killed before boiling 
requires no further comment. 
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Practical Considerations of Boiling and 
Copper Construction. 

Having sketched the changes which the brewer desires to 
produce during boiling, it will be necessary to briefly consider 
the practical means of effecting them. In the first place, 
the dimensions of the copper must be considered. 

In the case of deep coppers we shall raise the boiling- 
point, owing to the pressure exerted by the greater depth 
of liquid. The ordinary boiling-point of worts of average 
gravity boiled in coppers of ordinary dimensions has been 
found to vary between 214 0 and 216°. With a very 
deep copper, the boiling temperature might be sufficiently 
elevated to produce a distinct caramclisation of the carbo¬ 
hydrates. Even in ordinary boiling there would appear to 
be a very slight caramelisation ; but any excessive change of 
this sort would be inadmissible, since the paleness of pale 
beers would become affected. The elevation of the boiling 
point would extract from the hops some of those rank bitter 
substances (probably resinous) which under ordinary con¬ 
ditions are only yielded to the wort if the boiling is unduly 
prolonged, or if the water contains such solvent substances as 
sodium or potassium carbonates. In the case of all pale and 
other delicate beers the acquisition of this harsh, bitter 
flavour would be fatal to the value of the beer. 

If, on the other hand, the copper is shallow, we expose 
a very large surface to the air, and there will consequently 
be an undue loss of the volatilisable hop oils. It is un¬ 
necessary to say that the excessive loss of these bodies is 
at once uneconomical and damaging to the quality of the 
beer. It has been suggested by practical men that in shallow 
coppers the boiling point is so lowered as to prevent the 
extraction from the hops of the tannin and the resins. This 
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however, requires confirmation, and is probably inaccurate. 
As a rule, brewers seem inclined now to adopt shallow rather 
than deep coppers, using the latter for such beers (stout, for 
instance) where an increase in colour is immaterial, and where 
there is a sufficiency of body in the beer to mask any rankness 
of hop-bitter. Reverting to the case of shallow vessels, it is 
unquestionable that the shallow boiling backs now infrequently 
found, but still existent, are very unsatisfactory vessels. 
These vessels are made of wood or iron, and heated by steam 
coils. If all the wort could be got to boil, the temperature 
would probably suffice for the sterilisation of the wort and the 
extraction of the desired hop constituents. But in vessels of 
this sort, there is no guarantee that the wort underneath the 
coils boils at all. It is to this fact, probably, that the un¬ 
satisfactory results obtained from vessels of this sort are due, 
and not to the somewhat lower boiling temperatures of the 
wort In some of these boiling vessels the wort cannot be 
got to boil at all, it merely simmers. In such cases no 
satisfactory results can possibly be anticipated. 

The usual form of boiling vessel is the copper, and it is to 
the copper that we refer when discussing the ways and 
means of boiling. The copper may be heated either by 
steam or by fire. In the former case, it is usually jacketed 
to about one half its height; in the case of fire, it is heated by 
the direct action of the furnace placed beneath it Practical 
men seem generally to prefer fire coppers, although it 
is generally admitted that steam coppers are capable 
of giving good results. There is no experimental evidence 
as to the relative merits of the two systems ; wc have merely 
practical experience to go upon, and conclusions based upon 
practical experience are always liable to be obscured by side 
Issues. So far as our own experience goes, we should always 
advise a brewer, when building a new brewery, or remodelling 
his old plant, to heat his copper by fire. A well-set fire copper 
requires no subsidiary appliances—such as fountains, domes, 
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&c.; it boils from the middle, and the natural circulation effects 
the entire boiling of the whole of the wort In a steam copper 
it is certainly necessary that the steam should be under 
sufficient pressure (at least 40 lbs. at the copper itself). Even 
then, however, the wort will boil rather from the jacketed side 
than from the centre; and in order to ensure the sufficient 
degree of circulation, and to prevent fobbing or boiling over, 
it is almost absolutely necessary to adopt a fountain, or a 
dome, or some such appliance. 

Subsidiary Boiling Appliances. 

The fountain we regard as unsatisfactory. We admit 
that it promotes circulation, and that it guarantees the 
boiling of the whole of the wort But there is the objection, 
once before referred to, that the hops are much disintegrated 
when boiled with this apparatus, and their value as a filter- 
bed in the hop-back is thus greatly discounted. The disinte¬ 
gration of the hops leads to their yielding the coarse, harsh 
bitters, which' are only extracted, under ordinary conditions, 
when boiling is unduly protracted, or when the boiling-point 
is unduly elevated, or when the water is alkaline. 

The movable dome is a better appliance. There the wort 
rises out of the aperture, and flows gently down the sides of 
the dome. There is, therefore, no violent agitation of wort, 
and no disintegration of hops, and the dome is quite as 
effective in promoting circulation as the fountain. The dome 
is useful, too, in collecting and retaining some of the valuable 
hop oils, the loss of which in a shallow copper is always likely 
to be great 

The advantages claimed for these appliances, apart from 
the circulation which they do undoubtedly effect, is that they 
promote the aeration of the wort. We are inclined to regard 
this claim as one unsubstantiated by fact It is difficult to see 
how a wort boiling rather over 212° F. can possibly absorb 
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air under any circumstances. So far as air is concerned, the 
iiclion would surely be the contrary one to absorption, for any 
air contained in the wort prior to ebullition would assuredly 
be very rapidly expelled Aeration of wort can only com¬ 
mence when the wort has left the copper. 

The Duration of Boiling—Single Coppers and 
Double Coppers. 

Worts are either boiled in what brewers call one or two 
lengths; that is, either the whole of the wort is boiled in one 
portion, or it is subdivided into two portions of about the 
same bulk, and boiled separately. In some cases, the wort is 
boild in three, or even a greater number of lengths, but this is 
unusual except in very large concerns, and involves no differ¬ 
ence in principle to boiling in two lengths. The size of the 
copper will be a prime consideration in the brewer’s decision 
as to whether he boils in one or more lengths. The mashing 
and sparging liquor amounts to about six to seven barrels ]>cr 
quarter, and in many breweries the coppers arc insufficiently 
capacious to accommodate this amount of boiling wort In such 
cases, the brewer is obliged to boil in two or more lengths ; but 
even where his coppers are sufficiently large to take the whole of 
the wort, there are certain considerations which may lead him 
to select a double or treble boiling. By boiling in one length, 
it is not practicable to evaporate the same amount of water 
as in a double or treble boiling ; for if a single boiling were as 
protracted as the total period covered by a double or treble 
boiling, the hops would suffer disintegration, and would be made 
to yield the coarse, harsh bitters already referred to. In fact, 
it may be said that hops will barely stand more than 2& hours’ 
boiling if the resulting beer is to possess a delicate hop 
flavour. On these grounds, then, a single brewing cannot be 
regarded as producing so great a concentration as a double 
or treble boiling. This being so, when the worts are boiled 
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in one length, the amount of sparge liquor has to be restricted 
as compared to the amount permissible when the worts are 
boiled in two or more lengths. The restriction of sparge liquor 
may not be a matter of much importance with malts which 
convert readily and completely; but in the case of inferior 
grain, in which there is more starch, only difficultly gelatin- 
isable, than there should be, there would be some chance of 
losing extract Putting the question of capacity of copper 
aside, it may be said that the double-copper system is that 
preferable in the brewing of running ales in which a more or 
less inferior malt is employed. When, however, high class 
materials are used, such as it is customary to employ for pale 
ales, the single-copper system is technically as good, and is 
more economical in point of time and fuel. 

Worts boiled in one length are generally boiled from 2-3 
hours; 2 \ being a fair average. Although the sterilisation 
of the wort is completed in a far shorter period, we require 
about 2J hours to extract from the hop its desired principles, 
and to sufficiently concentrate the wort. 

When the wort is boiled in two lengths, it is usual to boil 
the first about two, and the second two-and-a-half hours. 
There seems a general consensus of opinion in favour of boiling 
the second copper longer than the first. Practical experience 
certainly would seem to favour this plan. It may well be that 
the second wort will contain, relatively to its concentration, a 
greater amount of those degraded albuminoids which are 
formed during mash-tun operations from the coagulable albu¬ 
minoids, and these in their greater amounts would demand as 
complete an extraction as possible of such tannin as might be 
contained in the second copper hops. The wort, too, being 
weaker in gravity, weaker in acid, and weaker in actively 
antiseptic resin, might well require a longer period for 
complete sterilisation, than would the first wort; it must be 
admitted, however, that a considerably shorter period of boiling 
than that given would suffice for the sterilisation of even this 
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second wort A third or fourth wort would be boiled for 
about the same time, or for rather longer than the second 
wort 


The Distribution of Hops. 

When boiling in a single length, all the hops would be 
added directly the wort boils, or very shortly after, in the case 
of running ales, and of such beers as are relatively lightly 
hopped, and in which the delicacy of hop flavour is of secondary 
importance. In the case of pale ales, however, as has been 
already stated, it is well to retain about one-tenth to one-sixth 
of the hops for addition about a quarter of an hour before 
turning out These latter hops—which should be the most 
delicate of those used—will contribute their full amount of 
hop oil, the period of boiling being insufficient to expel any 
appreciable fraction of it The spent hops from a single 
boiling, are either sparged in hop-backs, or pressed, to wash 
or extract from them the wort which they hold, and the 
bittcring principles which they arc yet capable of yielding. 
The pressing of hops, however, is not advisable, except in the 
case of the very finest. Inferior hops yield under this sys¬ 
tem a coarse and harsh bitter flavour, which is distinctly 
disagreeable. 

In the double copper system, it is advisable, in higher class 
ales, to split up the hops between the first and second coppers, 
generally in the pro|x>rtions of two-thirds to the first, and one- 
third to the other. When a large proportion of hops is not 
used, a certain portion of the spent hops from the first copper 
can be returned to the second, and boiled together with the 
fresh hops reserved for that purpose. It is also advisable, and 
for the grounds previously stated, to reserve about one-tenth 
to one-sixth of the fresh hops destined for the first copper, for 
addition shortly before turning out As before, the residual 
wort and bittering substances retained by the hops can be 
extracted by hop-sparging or hop-pressing. 
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In the case of lightly hopped running ales, it is usual to 
put the whole of the fresh hops into the first copper, using for 
the second or other coppers the spent hops from the first. It 
is better, however, even in cases of this kind, to reserve a 
certain portion of fresh hops for the second copper, say one- 
fourth or one-fifth; for in spent hops from the first copper, 
the resinous matter will have become hardened and rendered 
antiseptically inactive, and the tannin will have been nearly 
all extracted. When this is done, or when the whole of the 
hops are added to the first copper, it is customary in running 
ales to return the whole of the first copper hops to the second. 
In these beers, delicacy of flavour is no great consideration, 
and any slight bitter harshness will be covered by the greater 
body of these beers. It is therefore well to obtain as much 
extract from the hops as they arc capable of yielding. 

It is usual to add any brewing sugars that may be required 
to the copper during boiling. This addition is, of course, no 
essential portion of the boiling process; but it is well when 
using sugars to avail ourselves of the purifying action of boiling 
for sterilising them, should they require any such process. The 
sugar is added in the case of double boilings, sometimes to the 
first, sometimes to the second copper, and sometimes it is distri¬ 
buted between the two—so far as we know, however, there is 
no appreciable difference in the two methods. It may perhaps 
be preferable to add the sugar to the weaker worts of the second 
copper, the equalisation of gravities can do no harm, and may 
possibly do good ; the second wort, by being made stronger, 
would probably sterilise more quickly, and the volatisable 
portion of the oils might be better retained by the wort, 
rendered somewhat more viscid in this fashion. 

After the completion of boiling, the worts are generally run 
into a shallow vessel provided with false bottom plates. The 
plates retain the hops, the wort penetrating first through the 
hops, and thence through the plates. The vessel is provided 
with a tap to let the clear wort on to the coolers. The hop- 
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back is frequently provided with a sparge arm for the 
sparging of the hops; when the hop-back is circular, the 
ordinary automatically revolving sparge arm is a convenient 
appliance. When it is rectangular the hops have to be sparged 
through a rose-fitted hose. 

The filtration of the wort through the hop-bed is an im¬ 
portant matter. It will be remembered, that the saline con¬ 
stituents of water influence the form assumed by the coagu¬ 
lated albuminoids; and these will be either retained or not 
retained in the hop-back according to their nature. Upon 
the state of the hops, we are similarly dependent for a good 
or an unsatisfactory filtration ; and when they are disinte¬ 
grated through excessive boiling, or through undesirable 
boiling appliances, their filtering power is lost Similarly, 
when hops are too old, they are apt to form, not a loose 
filtering bed, but a muddy compact mass incapable of effici¬ 
ently filtering wort. Besides the coagulated albuminoids, we 
depend upon the hop-layer to filter ofT the nitrogenous sub¬ 
stances precipitated by tannia Upon the efficiency of this 
filtration we are in great measure dependent in respect of 
brightness, and in some measure in respect of stability (sec 
P- 15 )- 

In the hop-back, the worts begin to absorb oxygen and to 
deposit those glutinous nitrogenous bodies which are soluble 
in boiling wort, but separate during cooling. These changes 
it will, however, be far more convenient to study when we arc 
considering the wort as it is being cooled and refrigerated. 
At the same time, it is undeniable that the aeration of hot 
wort does commence in the hop-back, and some brewers go so 
far as to force air by pumps into the wort at this stage. Where 
cooling room is deficient, this plan is not without its advantages. 
It might, however, be advisable to leave worts to cool some¬ 
what in the copper before turning out, and then inject air into 
them there, instead of in the hop-back. The injection of air 
into the hop-back may disturb the hop-bed, and interfere with 
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its filtering capacity. This objection is got over, and the aera¬ 
tion obtained equally well, by injecting air into the copper wort 
after this has been permitted to cool somewhat, say to 190° F. 

The Cooling and Refrigeration of Wort. 

The changes taking place during this stage are:— 

( a ) The lowering of the temperature to the point requisite 
for a healthy fermentation. 

( b ) The aeration of the hot and of the cold wort 

( c ) The deposition of the glutens and other amorphous 
matters. 

(d) The infection of the wort. 

(a) The primary object of exposing the wort on coolers 
and passing it over refrigerators is to bring it down from the 
temperature at which it stands in the hop-back to about 6o° 1\, 
the average temperature at which the wort is seeded or pitched 
with yeast The considerations leading to the adoption of 
6o° F. for the initiation of fermentation, do not require to be 
dealt with here; at this stage we have only to discuss the 
ways and means of bringing the wort down to this heat, and 
the changes incident to this process. The old-fashioned 
brewers endeavoured to effect this object by exposing wort 
in shallow coolers until the desired loss of temperature was 
attained. This plan was, however, a lengthy one, especially 
in summer time, and the resulting infection of the wort during 
this protracted exposure to the myriads of organisms contained 
in the air during the summer months, must have been a fatal 
blow to the stability of the resulting beers. It was doubtless 
chiefly on this ground that brewers used to confine their brew¬ 
ing operations entirely to the winter months. Certainly with 
gravities cut down, and hop rates as low as they now so 
frequently are, such a system as this would be impossible, 
and the need for some system of cooling which should diminish 
the infection brought forth the invention of machines known 
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as refrigerators, in which the worts are rapidly cooled by the 
agency of cold water applied in the manner now familiar to 
every brewer. 

When refrigerators were first introduced to the notice of 
practical men, the ease and rapidity with which large volumes 
of wort could be cooled down to the requisite point, and the 
very small space required for them, induced many firms to 
cither totally abandon the old-fashioned cooler, or to very 
much curtail its area. But this innovation was not one which 
stood the test of time, and it was soon found that in spite of 
its many conveniences the system was one which gave beers 
defective in point of brilliancy. That such was so was to be 
anticipated, for, as we shall presently see, the exposure of the 
wort for relatively long periods while it is yet hot, is of the 
greatest importance if brilliancy of beer is to be aimed at. In 
the absence of coolers, or where the cooling area was very small, 
in fact where refrigerators did the whole or the bulk of the 
work, the cooling process was too rapid to allow of this neces¬ 
sarily prolonged exposure. The practical result was that the 
great majority of brewers who had abandoned and curtailed 
these coolers, reverted to their use; and at the present day the 
most successfully conducted concerns avail themselves both of 
the cooler and the refrigerator. This combination is certainly 
that which gives the best results. On the cooler we get the 
slow aeration of the hot wort, while the employment of the 
rapidly acting refrigerator greatly reduces the infection of 
the wort, and also the time and space necessary when the 
whole of the cooling is done on coolers. 

In most breweries convenience alone dictates the point 
at which the wort runs from the cooler to the refrigerator, nor 
would there appear to be any need for any fixed temperature 
at which the transference should take place. So long 
as the wort leaves the cooler above 130° F. and below 150° F. 
the results, so far as aeration and infection are concerned, 
will be satisfactory. 
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So far as the construction of coolers is concerned, it is 
clear that the greater area of wort exposed the more success¬ 
fully they will accomplish their object It is well, therefore, 
to have as shallow a cooler as possible, one in fact in which 
there shall not be more than four inches of wort Exigencies 
of space frequently prevent the cooler from being as shallow 
as this ; where this is so it is well to have two or more, one 
immediately above the other. Head-room is not frequently 
wanting, even in the most cramped brewery, and there is 
generally space for such an arrangement as this. Metal coolers 
(copper of course being the best) are preferable to wooden 
ones. The worts are exposed to great risks of infection on 
the coolers, and the more cleanable the vessel the better. 
A rotten or unsound wooden cooler is one of those dangers 
which no care or skill in other points can cope with. It is 
true that wood coolers, when properly looked after, are capable 
of being kept sound and clean for long periods; but there is 
always a risk attaching to them, and it is a risk well worth 
avoiding. 

The coolers should be placed in a room by themselves. 
As will be subsequently stated, every chance of infection of 
all kinds should be avoided at this stage; and when the 
cooler, as is frequently the case, is not shut off from the rest 
of the brewery, there is always a great danger of infection 
by barley-dust, malt-dust, and other bacteria-laden dust, 
which cannot be prevented from distributing itself over the 
air of all parts of the brewery. The roof and walls, too, 
require attention. Frequently the roofing consists of rough 
wooden beams and joists, supporting old tiled roofs encrusted 
with the dust of many generations. This is very bad. The 
dust is a source of perpetual danger, and may help to infect 
wort brewed even during the winter time, while the roughness 
of the wooden beams and tiles prevents their being properly 
cleansed. Where this kind of arrangement is in force, it is 
well to have an inner shell constructed either of smooth 



The Boiling and Cooling of the Wort . 271 

match boarding or metal; either of these surfaces can be 
kept scrupulously clean. Walls, too, should be smooth and 
cleaa The necessity for isolating the cooler from the rest of 
the brewery applies with equally great force, if not greater 
force, to the refrigerators ; as do also the remarks concerning 
the need for absolute cleanliness. 

It is unnecessary to say much as to the construction of the 
refrigerator, for most of the modem appliances answer their 
purposes admirably. The old-fashioned refrigerator, where 
the wort ran inside and the water out, should of course be 
discarded wherever it is still in use. For apart from its 
obvious lack of aeration, there is the greatest possible 
difficulty in thoroughly cleansing the wort pipes. Wort at 
this stage forced through dirty piping cannot under any 
circumstances be depended upon to yield stable beer. 

It is probably on the refrigerators that the worts suffer 
most infection. During this process the whole of the wort is 
exposed to the atmosphere in a very thin film, so that the 
area exposed to infection is much greater than on the coolers. 
In addition, the lower temperature of wort during refrigera¬ 
tion would render the infection more dangerous. 

The time will doubtless come when brewers will refrigerate 
their wort out of contact with air-borne organisms. Air at 
this stage is necessary, but the air should be filtered free from 
its contained organisms. Attempts at some such system have 
already been made, and with success, and there is no doubt 
in our minds that the time is not far distant when infection 
at this stage will be greatly reduced, or prevented, by some 
suitable appliances In that case one of the chief dangers to 
the soundness of beers will be removed. 

(b) Hoi and Cold A /ration .—For our knowledge of the 
process of wort-aeration and its effects we are entirely 
indebted to Pasteur. 0 Pasteur found that air absorbed by 
cold wort plays a different part to that absorbed by hot 

* • Studies on Fermentation,* p. 353 (English edition). 
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wort. The oxygen taken up by cool worts is in fact merely 
mechanically dissolved, and it will be dissolved to an extent 
dependent, within limits, upon the lowness of the temperature. 
Oxygen taken up by hot wort plays a different part It is 
not mechanically dissolved, but is chemically fixed, entering 
(as Pasteur shows) into some form of combination with the 
hop resins. It is this form of aeration that plays so im¬ 
portant a part in the natural clarification of beer, or in its 
ready clarification by isinglass finings. When the resins are 
modified by the chemically fixed oxygen, they conglomerate 
into particles of greater density; these sink easily to the 
bottom of the storing vessel, forming a compact sediment, 
and leaving the supernatant beer bright. When, however, 
for some reason or other, the aeration of the hot wort is in¬ 
complete, the resinous substances, instead of conglomerating 
and acquiring the density necessary for their rapid deposition, 
remain suspended in the finished beer in a very fine state, 
and in that condition they are equally unready to deposit 
naturally or to yield to the action of finings. The exact 
temperature at which oxygen is most rapidly absorbed by 
wort has not been determined, but it would seem that the 
higher the temperature, up to within say 20 degrees of the 
boiling point, the greater the relative amount of oxygen 
chemically fixed in the manner required. It is clearly on 
the coolers that we get this chemical fixation of oxygen. The 
relatively protracted exposure of the hot wort to air at this 
stage provides the requisite condition for its oxygenation* 
It is clear then that we should endeavour to expose as large 
a surface as possible to the air, for oxygen (as Pasteur has 
shown) will not penetrate into wort at a distance appreciably 
below its surface. It is also clear that when conditions of 
space or convenience make a large cooling area impossible, 
artificial devices for the oxygenation of the hot wort should 
be resorted to. 

The oxygen mechanically dissolved by wort plays an 
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entirely different part to that chemically fixed It would 
appear to have no influence upon clarification, except 
perhaps indirectly. Its function is eventually to act as what 
Pasteur calls a primum rnovens of life and nutrition to the 
yeast during the first few hours in which it is in contact 
with the wort. In other words it is an oxygen supply for 
the yeast during the earliest stages, during which the ferment 
is unable to obtain its supplies by the breaking down of the 
carbohydrates. As a rule, the whole of the mechanically 
dissolved oxygen is removed during the first ten to twelve 
hours of fermentation. The yeast having utilised it, will 
by that time have acquired suflicient vitality to forage for its 
own supplies of oxygen. The oxygen chemically fixed may 
to some extent assist the vigour of the yeast, but not unless 
accompanied by mechanically dissolved oxygen. At any 
rate the main function of the chemically fixed oxygen is not 
to nourish yeast, but so to modify the hop resins as to pre¬ 
vent their remaining in suspension, and persistently clouding 
the finished beer. 

The mechanical solution of oxygen takes place principally, 
as has been said, while the wort is cool; and in practical 
operations it is clear that it is mainly during refrigeration, 
and to some extent when it runs from the refrigerators into 
the fermenting tuns that the wort becomes aerated in this 
way. It is obvious then, on all grounds, that if we desire the 
benefits derivable from chemically fixed and from mechanic¬ 
ally dissolved oxygen, we should cool our worts by means of 
coolers and refrigerators. 

(< c) While the wort lies on the coolers it throws down 
a greyish deposit known by brewers as the cooler grounds. 
This deposit consists of a mixture of substances which come 
out of solution during the cooling of the wort, and the oxygen 
absorbed would appear to have some influence in securing 
a more complete and rapid deposition of the grounds. The 
grounds, too, will also separate out the more readily the 

T 
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shallower the vessel; for the shallower the vessel, the more 
of its surface is in contact with wort, and surface exercises 
an attracting influence upon minute particles of suspended 
bodies. 

The predominant constituent of the grounds would 
appear to be a nitrogenous substance derived from the 
malt, soluble in hot wort, but insoluble in cold, and 
similar in many respects to the class of albuminoids known 
as gluten-caseins. But besides this glutinous matter, the 
grounds contain also an appreciable amount of bitter 
resinous matter from the hops, with small amounts of mineral 
bodies. 

Practical men aim at securing a maximum deposition and 
separation of these grounds, and it may well be that any want 
of completeness in respect to their separation at this stage 
may operate detrimentally on the brilliancy, and perhaps 
on the stability of the beer, although with regard to stability 
direct evidence as to any connection of this sort is wanting. 
But there is one form of beer turbidity known as “ greyness ” 
which practical men invariably attribute to an incomplete 
separation of the cooler grounds. Certainly grey beer does 
seem to be rendered turbid by the kind of substances usually 
deposited on the coolers. Direct evidence on this point is 
wanting; but it may well be that while the complete separa¬ 
tion of the grounds during cooling cannot do harm, and may 
be very necessary, yet their incomplete separation may do 
harm and cannot presumably be of use. It is well, therefore, 
to aim at a sufficient separation of these suspended particles, 
and this will be adequately accomplished when the worts are 
exposed on shallow coolers for the normal period. It is 
said that worts containing any excess of acid retain in solu¬ 
tion a portion of the glutinous matters which, under normal 
circumstances, are deposited during cooling, and the fact that 
some malts containing rather more than usual percentages of 
acid yield " grey ” beers is attributed to this supposed fact 
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This may or may not be right; so far as we are aware, there 
is no evidence to substantiate it 

( d) The infection of the wort during cooling is an inevit¬ 
able and unfortunate incident in the English process of 
brewing. To avert it various systems of" pure air” brewing 
have been introduced, in which aeration is claimed to be effected 
without exposure to a germ-laden atmosphere. These inven¬ 
tions, however, starting with Pasteur’s, and including others 
since advocated, may be regarded as yet in their infancy; 
but we feel no doubt that as a demand will surely arise for 
some such system, suitable means will be forthcoming. In 
most English breweries, as they are constructed nowadays, 
the due degree of oxygenation of wort, and the proper separa¬ 
tion of suspended particles, can only be effected on the usual 
coolers and refrigerators, that is, at the expense of infecting 
the wort with the organisms contained in the air to which 
the wort is exposed. The worts, of whatever kind or sort, 
having been completely sterilised during copper boiling, it 
may be said that they all start on the same footing when the 
copper taps arc opened. Whether or no beers from these 
worts will stand storage or not, will depend, firstly upon the 
amount of subsequent infection (and, of subsequent infection, 
infection on refrigerators is by far the most dangerous); 
and secondly upon whether the wort contains those sub¬ 
stances that afford to the organisms which gain access to 
the wort, such nutriment as will enable them to survive the 
bactericidal influence of a vigorous primary and secondary 
fermentation. 

So far as the infection goes, beer brewed during the 
summer months, when the air teems with micro-organisms, 
must necessarily have a greater predisposition towards deteri¬ 
oration, than beer brewed in the winter months, when the air 
to which the worts arc exposed is relatively speaking poor in 
them. The difference between summer air and winter air, 
taken at the same place (a roof in South Kensington), will 
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show roughly the relation between summer and winter air in 
respect of organisms.® 


January 

Average number 
of colonies per 

10 litres of air. 

•. . ■ 4 

August 

Average number 
of colonies per 
10 litres of air. 
.. 105 

March.. 

• • . • 26 

September.. 

.. 43 

May .. 

.. .. 31 

October 

•• 35 

June .. 

. • 54 

November .. 

.. 13 

July .. 

•• •. 63 

December .. 

.. 20 


It is on this ground that brewers brew their stock beers 
(i.e., beers which are stored for some time before consump¬ 
tion) during the winter months; while during the summer 
months they brew only running mild beers, consumed suffi¬ 
ciently quickly after manufacture to avoid deterioration. 

But apart from the difference between summer air and 
winter air in any one locality, there will be a similar difference 
between the air of different localities at any given season. 
The experiments of Miquel, Frankland, and many -others 
have shown (what, in fact, would be anticipated) that the air 
of densely populated districts is far richer in micro-organisms 
than the air of rural, thinly populated districts; and the rela¬ 
tion between town and country will apply equally to summer 
as well as to winter air. The following few data show the 
amount of organisms in air in different places/f 

Number of Organism* 


Place. found in 

xo litres of air. 

Sea air .. .. .. .. •• o 

Kcigatc Hill (May) .. .. .. 13 

Garden, Reigate (May) . 25 

Hyde Park (May). 43 

Exhibition Road.254 

Natural History Museum.280 

Burlington House.326 


It will be clear that, so far as soundness of beer is con¬ 
cerned, the country brewer stands at an enormous advan- 

* P. Frankland, Journal of the Society of Arts, 1SS7, p. 489. t Rid. 
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tage over the town brewer; in fact, those breweries situated 
in densely packed manufacturing districts have, during the 
summer time, very great natural difficulties to cope with. In 
some country districts, on the other hand, especially those 
near the sea, the air in winter may be considered to all 
intents and purposes, germ-free, while even in summer time 
it is not so germ laden as to prevent the successful brewing of 
semi-stock pale ales during these months. It is principally 
due to this variation in the kind of air to which worts are 
exposed that makes brewers in different districts adopt 
different materials and devices. Many brewers have found, 
for instance, that with identical, or nearly identical water 
supplies, they can do with safety in one brewery, what cannot 
be done in another. A brewer may obviously employ a low- 
grade malt, for instance, in a brewery situated in a pure atmo¬ 
sphere, when the same malt, mashed on the same basis in a 
town brewery, would end in disaster. Similarly, brewers have 
frequently found that while they can employ bisulphite of 
lime or other somewhat unstable antiseptics in one brewery, 
they cannot do so in another. In the latter case the bi¬ 
sulphite will be decomposed at the instance of excessive 
bacteria infecting the cooling worts. 

The micro-organisms in the air, to which reference has 
been made, are of two main kinds. These will be more 
particularly dealt with elsewhere; for the present consider¬ 
ation it will suffice to class them as bacteria and wild yeasts. 
What has been said with respect to the greater abundance of 
organisms in summer, as compared to winter air, covers both 
these classes, so that undue summer infection will mean 
deterioration in the direction of acidity by bacteria and of 
frcttincss and other diseases caused by wild yeasts. The 
relation between town air and country air in respect of wild 
yeasts, must, however, be somewhat qualified ; for in the 
country, in breweries which are surrounded by fruit trees— 
especially plum, apple, and pear trees—there will always be 
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a particular tendency to wild yeast contamination, with the 
resulting predisposition towards unduly low attenuations in 
some cases, and frettiness in others, according to the pre¬ 
dominant variety of wild yeast 

The ideal brewery would be situated on an eminence in a 
bare, open country, and by preference in such a place that 
sea air (which is, of all air, the most germ-free) could sweep 
clean through it The coolers and the refrigerating room 
should (as has already been said) be isolated from the rest of 
the brewery, the walls and roofing scrupulously clean, and 
presenting smooth surfaces capable of being kept so. There 
should be no access to the cooling room of malt-dust, barley- 
dust, hay-dust, straw-dust; grain heaps, and spent hop heaps, 
if allowed to dry, are also a source of danger, for in that con¬ 
dition adherent bacteria are easily taken up by passing breezes 
and wafted into the cooling room. For similar reasons, fruit 
trees should not be in great numbers near a brewery, the 
flowers and fruit being covered with wild yeasts which are 
thence transferred by winds into the brewery. Cask refuse, 
spilt beer and yeast, dregs from casks, and cask washings, 
are also a source of danger. Slaughter-houses are bad 
sources of contamination, as would probably also be wool- 
sorters* factories, tanneries, mills, and any concerns in which 
an abundance of fine organic dust is inevitable. Further 
enumeration of sources of contamination is unnecessary. It 
will suffice to say that although scrupulous cleanliness and 
the avoidance of all unnecessary infection should be strenu¬ 
ously enforced in all parts of the brewery, it is particularly 
on the coolers and refrigerators that attention in this respect 
should be unceasing. Organisms infecting brewings in the 
early stages are at any rate killed during boiling, and their 
direct deteriorating influence thereby checked ; infection after 
the wort is pitched is not so dangerous as during cooling, for 
organisms and wild yeasts are checked and crowded out by 
the actively developing pitching yeast. But during cooling 
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and refrigeration, the wort is in its most critical condition, and 
as this infection is to some extent inevitable during that process, 
every means should be taken to reduce it to its very lowest 
amount 

But however careful we may be, we cannot altogether 
avoid infection during cooling and refrigeration, and assuming 
that by every available means all evitable infection has been 
excluded, there will yet be many organisms to deal with; 
and whether this irreducible minimum of organisms is to be of 
harm or not will depend upon two factors, the composition 
of the wort, and the vigour of the subsequent fermentation. 
The conditions under which a vigorous fermentation, so far 
as the yeast is concerned, is attainable, will be considered 
subsequently. So far as the relation of fermentation to 
the proportions of the carbohydrates, minerals, and other con¬ 
stituents is concerned, this has already been touched upon in 
the chapter on mashing, and will be treated again under fer¬ 
mentation. We will therefore merely consider the first factor 
named above—the composition of the wort In this connec¬ 
tion it is of principal importance to consider the nature of 
the substances which particularly afford sustenance to those 
organisms that infect the cooling worts. Of these rank first 
and foremost those putrescible matters which are yielded to 
the wort by uncleanly plant and by impurities in the materials. 
Impure water, mouldy and unsound malt, will inevitably give 
to the wort the very substances upon which bacteria subse¬ 
quently introduced can thrive. Bacteria introduced before 
the boiling stage, although then killed, will yield similarly 
putrescible matter. Dirty plant will yield analogous bodies. 

But even when plant is clean and materials good, faults 
in manipulation of it may be almost equally productive of 
harm ; for, as has been explained, we require for the nutrition 
of yeast certain bodies, and these, when present in correct 
proportions, will, by making yeast vigorous, check or crowd 
out bacteria. Evqn good materials under faulty manipulation 
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may fail to yield substances necessary for the nutrition of 
yeast, and under these circumstances disease organisms will 
freely develop; while again, they may even yield substances 
which, although not so putrescible as those due to uncleanly 
plant or other impurities, are yet capable of forming a suitable 
aliment for bacteria. 

Taking our English system as it is, therefore, and regarding, 
as we do regard, a certain amount of infection during cooling 
and refrigeration as inevitable, the only hope for success lies 
in keeping worts free from the putrescible bodies which afford 
nutriment to the infecting organisms. In other words, safety 
lies in the use of sound materials, in manipulating them 
correctly, and in the most scrupulous and ever watchful care 
in regard to cleanliness of plant 

The following figures* show the amount of infection 
contained in the last few barrels of wort upon the coolers. 
The results are given in organisms per barrel of wort. 

(A) Deep cooler .. 163,548,000 colonies per barrel. 

(B) Shallow cooler 1,406,512,800 „ „ 

* Mom*, Transaction* of Laboratory Club, vol. ML p. 15. 
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CHAPTER VII. 

FERMENTATION. 

INTRODUCTORY. 

In the preceding chapters we have described the preparation 
of worts, their hopping, boiling, cooling, and aeration. In 
this chapter we have to deal with the conversion of the wort 
into beer by fermentation. To effect this change we employ 
yeast, the main function of which is to convert the maltose 
and other fermentable sugars of the wort, as well as any 
fermentable sugar added as a malt substitute, into alcohol and 
carbonic acid gas. Concurrently with this change the yeast 
reproduces itself, and in so doing assimilates from the wort 
nitrogenous and mineral matters and a little carbohydrate, 
these substances being necessary for the building up of the 
new yeast-cells. Ilcat is disengaged, and the temperature 
rises during fermentation. The fermentation being over, and 
the bulk of the reproduced yeast separated, the beer is allowed 
to settle, in order that the residuary yeast may deposit as 
far as possible and leave the beer clear; it is then stored in 
cask for varying periods, and when brilliant is ready for 
consumption. 

The above is a bare outline of an everyday fermentation 
and its objects. To understand it, however, we must study a 
series of phenomena the complexity of which is hardly to be 
equalled in technical processes. The act of fermentation has 
been the subject of philosophic speculation from the infancy 
of civilisation, but it is only within comparatively recent years 
that our ideas on the subject have taken a definite shape. 
Each investigation has, in a sense, been the sequel of previous 
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investigations, and in that sense the theories of Pasteur may 
be regarded as a sequel to the doctrines of Cagniard dc 
Latour, Schwann, and Turpin. Yet it must be freely and 
* openly confessed that to Pasteur do we mainly owe a debt of 
gratitude for throwing light upon the complex problems of 
fermentation, and for placing them on a sound and scientific 
footing. There may be points in Pasteur’s teachings which 
time has proved, and may yet prove, to be inaccurate; and 
there can be but one opinion that the work of Hansen has 
supplemented that of Pasteur, and that in a manner worthy of 
the latter. Yet for every discovery and for every great reform 
there must be a pioneer, and Pasteur undoubtedly holds that 
position with regard to alcoholic fermentation. We shall 
have much to say on Hansen’s work, and much to say on the 
new era for brewers which his brilliant researches foreshadow. 
In expressing to Hansen the gratitude brewers owe to him, 
we imply no slur on the work of Pasteur; and we make 
this remark, in that there is a decided tendency on the part 
of certain of Hansen’s disciples and others to forget the 
great work which Pasteur did, and to magnify its errors and 
minimise its merits. 


Historical. 

The phenomenon of fermentation has been known from 
the earliest ages, and Osiris and Bacchus are credited with 
having taught the Egyptians and Greeks respectively the art 
of making wine. The alchemists of the thirteenth to the 
fifteenth centuries used the terms fermentation and ferments^ 
and we find descriptions of the former in the writings of Basil 
Valentine, Libavius, Von Helmont, and other celebrated 
alchemists, each of whom enunciated theories to explain the 
various actions which were all classified as fermentations. 
Stahl, about the year 1697, was the first to advance a scientific 
theory of fermentation. He maintained that fermentation 
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and putrefaction were analogous processes, and that the former 
was a particular case of the latter. According to him, a 
ferment is a substance possessing a peculiar motion, which it 
is capable of transmitting to the fermentable substance* He 
mentions sugar, milk, and flour as fermentable bodies, and 
considers spirits of wine to be a M product of fermentation.** 
Hocrhavc, a contemporary of Stahl, also considered fermenta¬ 
tion to depend on an internal motion, and he was the first to 
suggest that true fermentation only takes place with vegetable 
substances, and putrefaction with animal substances. In 1766 
Cavendish proved that sugar, when submitted to alcoholic 
fermentation, yielded 57 per cent of fixed air (carbonic acid 
gas). From the time of Stahl no great advance was made in 
the study of fermentation until the French chemist Lavoisier 
revolutionised not only the general ideas on chemistry, but 
also those on fermentation. He showed the relation of sugar 
to the products of fermentation, and considered that sugar, 
like an oxide, was separable into two parts, the oxygen com¬ 
bining with a portion of the carbon to form carbonic acid, and 
the other portion of the carbon combining with hydrogen to 
form a combustible substance, alcohol, so that were it possible 
to again combine the carbonic acid and alcohol, sugar would 
be regenerated. 

Accurate analyses of sugar and alcohol were performed by 
Thlnard, Gay-Lussac, and Dc Saussure about 1810^ and 
the results supported the conclusions of Lavoisier. Thus 
Gay-Lussac wrote: u If it be now supposed that the pro¬ 
ducts furnished by the ferments can be neglected, as far as 
relates to the alcohol and carbonic acid, which are the only 
sensible results of fermentation, it will be found that, given 
100 parts of sugar, 51*34 of them will be converted during 
fermentation into alcohol, and 48*66 into carbonic acid.*’ 

This reaction he expressed in the following equation— 

55 4^|H,0 + 4^0, 

Cane-sugar Alcohol. Carbon dioxide. 

(according to Gay-Lussac). 
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These numbers were afterwards found to be incorrect, since 
Gay-Lussac was unacquainted with the other products of 
alcoholic fermentation—glycerine and succinic acid, and lie 
was also unaware that sugar assimilated the elements of a 
molecule of water before it fermented. He was, however, 
acquainted with the fact that substances which had been 
boiled and kept out of contact with the air neither putrefied 
nor fermented, and from this he assumed that oxygen was 
necessary for fermentation. 

So far, however, no advance had been made in the know¬ 
ledge of the cause of fermentation. That the foam formed by 
fermentation, was able to again excite fermentation was known 
to the ancients ; and we find that Pliny states that the foam 
or froth produced during the fermentation of the drink made 
from grain was used for again starting fermentation. The 
nature of yeast was, however, entirely unknown. For a long 
time it was supposed that all decaying nitrogenous vegetable 
and animal matter was capable of setting up fermentation. 

Leuwenhoeck, in 1680, discovered the spherical forms of 
yeast. He did not, however, consider them to be living 
organisms, but compared them with starch-granules. In 
1787 even, Fabroni considered yeast to be a vegeto-animal 
substance of a glutinous nature. The knowledge on this 
subject appearing very insufficient, the French Institute 
offered, in i8cx>, a prize for the elucidation of the subject of 
ferments and fermentable substances. Three years later, in 
1803, Th^nard published his memoir on alcoholic fermenta¬ 
tion ; he recognised yeast as the cause of fermentation, but 
considered it to be of animal nature, since it contained nitrogen 
and yielded ammonia on distillation. During the fermenta¬ 
tion it lost its nitrogen little by little, and partly disappeared, 
since it became converted into soluble products. Exleben, in 
1818, expressed his opinion that yeast consisted of organisms, 
which by growing promoted fermentation. Desmazi&res, in 
1825, regarded the small unicellular organisms in fermenting 



Fermentation . 


285 


liquids as infusoria, and later they were considered to be 
fungi, to which Pcrsoon gave the name Mycoderma, and 
Meyen the name Sacehatomyces , whilst Kiitzing classed them 
with the Algae. 

The connection between the microscopic organism, yeast, 
and the formation of alcohol and carbonic acid, was established 
in 1836 by Cagniard de Latour, who unearthed the forgotten 
microscopical observations of Leuwenhoeck. He noticed that 
yeast consists of a mass of unicellular organisms belonging 
to the vegetable kingdom, and capable of reproducing them¬ 
selves by buds. He considered that the liberation of carbonic 
acid from saccharine solutions, and the conversion of the 
latter into alcoholic liquids, was connected with this process 
of vegetation. 

Almost at the same time as the discovery of Cagniard de 
Latour, similar results were arrived at quite independently 
by Schwann, who found that fermentation was connected 
with the presence of yeast No further fermentation took 
place in a fermenting liquid in which he had killed the yeast 
by boiling, and which he protected from the entrance 
of new yeast germs. When he again allowed the air to have 
access to the liquid, the fermentation recommenced ; and thus 
Schwann proved that germs capable of producing fermenta¬ 
tion were present in the atmosphere. This was a great step 
in advance, and we may consider that the work of these two 
naturalists, Cagniard de Latour and Schwann, laid the 
foundations from which later workers were able to advance 
step by step, and gradually evolve the theories which explain 
the many-sided phenomenon of fermentation. 

Two years later Turpin, as a consequence of his researches, 
formulated the theory: “ Fermentation as effect, and vegeta¬ 
tion as cause, are two things inseparable in the act of decom¬ 
position of sugar.” This theory, which is known as the 
vitalist theory, was founded on the results obtained by the 
three last-mentioned men, and is, indeed, the one which was 
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afterwards supported and amplified by Pasteur* It had, 
however, as early as 1839, most powerful opponents in Liebig, 
Berzelius, and others. 

The theory of Liebig, enunciated in 1839, was merely a 
revival of that of Stahl, yet it held its ground, and was the 
generally accepted theory until Pasteur brought forward his 
classical researches in 1857. Liebig, without any regard to 
the investigations of Cagniard de Latour, Schwann, and many 
others, considered yeast to be a lifeless, albuminous substance 
in a state of decomposition. This nitrogenous substance has 
its composition altered by the presence of oxygen, and the 
equilibrium of the power of attraction, which holds its con¬ 
stituents together, is disturbed and allows progressive changes, 
accompanied by the formation of new substances; a motion 
of the atoms of the nitrogenous substance follows, and this 
motion is transmitted from one atom to the next, and thus 
the gradual decomposition or fermentation of the nitrogenous 
substance takes place. When the body comes in contact with 
another substance—sugar for instance—the motion of the 
atoms can be transmitted to the atoms of this substance, and 
thus the breaking up of this, and the consequent formation of 
new compounds, is brought about Portions of the yeast are, 
according to Liebig, in a state of motion, which results in a 
breaking down of the yeast into simpler compounds, that in 
the absence of air undergo no further change; the motion 
then ceases, and a state of equilibrium is established. This 
theory of Liebig, which is essentially a chemical-physical 
theory, is known as the mechanical theory. 

Berzelius, as we mentioned above, also opposed the vital 
theory of fermentation. He explained the phenomenon by 
supposing that, when sugar is fermented, the nitrogenous sub¬ 
stances in the solution are converted by the action of oxygen 
into a ferment, and that this brings about the splitting up of 
sugar into alcohol and carbonic acid by means of a catalytic 
action. The “apparent organised form” of the yeast was 
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considered by Berzelius to be the natural state of an 
amorphous precipitate. Both Mitschcrlich and Bcrthelot 
acknowledged the organised nature of yeast, but shared the 
views of Berzelius with regard to its action. 

There were thus, at the time Pasteur took up the question 
of fermentation, three rival theories in the field. The first, the 
vitalist theory, maintained by Cagniard dc Latour, Schwann, 
Turpin, &c., and later adopted and extended by Pasteur; the 
second, the mechanical theory of Stahl and Liebig; and the 
third, the theory of catalytic forces and of acts of contact, 
the old theory revived and maintained by Berzelius and 
Mitschcrlich. The theory most generally accepted was that 
of Liebig, since the philosophical explanation given by him 
was capable not only of application to alcoholic fermenta¬ 
tion, but also to other phenomena of the same nature, such 
as the transformation of saccharine solutions into lactic and 
butyric acids, in which actions no organised ferment had at 
that time been observed, and which apparently resulted from 
the action of a substance, in course of decomposition, on a 
fermentable body. 

In 1857, Pasteur published the first of those researches 
which have made his name so familiar to brewers and to 
students of fermentation generally. Starting from the 
almost forgotten results of Cagniard de Latour, Schwann, 
and Turpin, he laid the groundwork of all that has been 
done since that time in questions relating to fermentation. 
He proved, by experiments which admitted of no question, 
that the yeast which produced fermentation was no dead 
mass, as assumed by Liebig, but consisted of living organisms 
capable of growth and multiplication ; that germs of yeast 
are present in the air; and that fermentation is intimately 
connected with the presence of these organisms in the 
fermenting liquid. We cannot do better than quote Pasteur*s 
own words, as given in his first memoir, to show the decision 
with which he at once advocated the physiological theory: 
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“My decided opinion,” he says, “on the nature of alcoholic 
fermentation is the following: The chemical act of fer¬ 
mentation is essentially a correlative phenomenon of a vital 
act, beginning and ending with it I think that there is 
never any alcoholic fermentation without there being, at the 
same time, organisation, development, and multiplication of 
globules, or the continued consecutive life of globules already 
formed.” 

He also proved that yeast could grow both in pure sugar 
solutions, and in sugar solutions containing various nitro¬ 
genous substances ; but that in the former case the nitrogen 
which was at first present in a soluble state in the parent 
cells, became converted into insoluble nitrogenous substances 
in the young cells j whilst in the latter case the young cells 
were found to contain soluble nitrogen, which was available 
for the development of a further quantity of yeast-cells when 
the former were sown in a sugar solution. That is to say, 
yeast, when grown in pure sugar solutions exists at the 
expense of the sugar and its own nitrogenous and mineral 
substances, and during alcoholic fermentation a portion of 
the sugar is assimilated by the yeast, forming cellulose and 
fat. 

Later, in 1861, Pasteur gives the results of his investi¬ 
gations on the part which oxygen plays in the development 
of yeast during fermentation. He found that yeast could 
grow in a solution containing sugar and albuminous substances 
even in the entire absence of oxygen. The amount of yeast 
formed is, however, very small, and the fermentation progresses 
very slowly, although the amount of sugar which disappears 
is very considerable, as much as 60 to 80 parts of sugar being 
fermented by one part of yeast. When the air has access to 
a large surface of the fermenting liquid, fermentation goes on 
much more quickly, and a large amount of yeast is formed 
in proportion to the sugar which disappears. In this case 
oxygen is taken up by the yeast, which grows quickly, but 
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apparently has not so great a fermentative power, since only 
4 to 10 parts of sugar disappear for one part of yeast The 
same yeast, however, acts energetically when introduced into 
a solution from which oxygen is excluded. From these facts 
Pasteur concludes that yeast which causes a fermentation in 
the absence of air, withdraws oxygen from the sugar, and 
upon this action its power as a ferment depends. In yeast- 
water,* for instance, the cells also grow, but somewhat sparingly, 
even if the liquid does not contain any sugar whatever, pro¬ 
vided there is a sufficient supply of oxygen. If the air is 
excluded no growth takes place, although the solution may 
contain, in addition to the nitrogenous substances, an un- 
fermentable sugar, such as milk-sugar. 

After the publication of these researches of Pasteur, Liebig 
so far modified his views as to give up his former opinion 
that yeast was a lifeless mass, and he admitted the connection 
between the growth of yeast-cells and fermentation, but he 
still maintained the mechanical theory of fermentation up to 
the time of his death. In a paper published in the Journal 
which bears his name, he points out that the amount of growth 
of the yeast-cells in a solution of pure sugar is quite inadequate 
to account for the amount of sugar converted at the same 
time into alcohol and carbonic acid, if the growth of the 
yeast be regarded as an essential condition of the trans¬ 
formation. In proof of this he quotes one of Pasteur’s 
experiments, in which 9899 milligrams of sugar were com¬ 
pletely decomposed by a very small quantity of yeast, and 
at the end of the fermentation the quantity of yeast produced 
was found to be only 152 milligrams, the cellulose in which 
amounted to less than 30 milligrams. Liebig then asks: 
"Arc we to regard the assimilation of 30 milligrams of 
cellulose as the cause of the conversion of 9899 milligrams of 
sugar into carbonic acid and alcohol ? ’’ 

* Yeast-water b prepared by boiling pressed yeast with water, and filtering. 
The term applies to the bright filtrate. 


U 
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Starting from the assumption that since yeast contains a 
nitrogenous substance soluble in water and capable of con¬ 
verting cane-sugar into invert-sugar, there was also present 
a soluble-ferment similar to invertase, but which was able 
to convert dextrose into alcohol and carbonic acid, Liebig 
says: “Yeast consists of vegetable cells which develop and 
multiply in a solution containing sugar, an albuminate, or a 
susbtance resulting from an albuminate. The greater part of 
the cell-contents consists of a compound of a substance con¬ 
taining nitrogen and sulphur with a carbohydrate or sugar. 
From the moment that the yeast is fully developed, and is 
* left to itself, a molecular movement takes place in pure water, 
and shows itself in the decomposition of the constituents of 
the cell-contents; the carbohydrate (or sugar) contained in 
the cell breaks up into carbonic acid and alcohol, and a small 
part of the constituents containing sulphur and nitrogen 
becomes soluble, and retains its inherent molecular motion 
in the liquid; in consequence of this these bodies have the 
power of converting cane-sugar into dextrose. When cane- 
sugar is added to a mixture of yeast and water, this change 
into dextrose at once takes place, and the particles of sugar 
penetrating through the cell-wall of the yeast behave in the 
cell exactly as the sugar or carbohydrate, which forms a 
constituent of the cell-contents, and in consequence of the 
activity brought to bear upon them they break up into 
alcohol and carbonic acid (or succinic acid, glycerine, and 
carbonic acid); or, as is commonly said, fermentation of the 
sugar takes place. Up to the present no well authenticated 
case is known in which yeast is formed without sugar, or in 
which sugar is converted into alcohol and carbonic acid 
without the presence of yeast-cells.* 

We see from this that Liebig regards the rearrangement 
of the atoms of the sugar molecule as the result of a vibration 
or molecular motion caused by the chemical changes which 
take place in some unstable substance secreted by the yeast 
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cells. According to this idea the growth of the yeast is only 
indirectly connected with fermentation. He says further: 
M It is possible that the physiological process stands in no 
other relation to the process of fermentation, than that, by 
means of it, a substance is formed in the living cell, which, by 
an action peculiar to itself—resembling that of emulsine on 
salidn or amygdaline—determines the decomposition of sugar 
and other organic molecules. In such a case the physiological 
action would be necessary for the production of this substance, 
but would be otherwise unconnected with the fermentation 
properly so called.” And again he says: “ In the process 
of fermentation there takes place, so to say, an action from 
without upon substances which break up into products which 
arc of no further use to the living organism. The vital process 
and the chemical decomposition are two phenomena which 
must be explained independently of each other.” - 

We see from the foregoing that the views of Pasteur and 
Liebig agree on one point—namely, that the process of fer¬ 
mentation is intimately connected with the presence of yeast 
in the fermenting liquid, but their explanations of the mode 
of action of the yeast are entirely different Liebig considers 
that fermentation takes place in consequence of a molecular 
movement or vibration which is communicated to the fer¬ 
mentable substance through the medium of a soluble-ferment 
secreted by the yeast-cells ; whilst, on the other hand, Pasteur 
regards the action as a consequence of the life and growth of 
the alcoholic ferment 

The controversy between these illustrious savants continued 
for some years, Liebig, as before stated, maintaining his 
mechanical theory to the last, and Pasteur defending his 
views on alcoholic and acetic fermentation, and maintaining 
the accuracy of the experiments on which they are based. 
The formation of acetic acid from alcohol in the ordinary 
process of vinegar making offered another point for dis¬ 
cussion as bearing upon the general question of fermentation. 

U 2 
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Pasteur, in accordance with his view of the phenomenon of 
fermentation, regarded the conversion of alcohol into acetic 
acid as being directly dependent on the vital action of an 
organised ferment , Mycoderma aceti ; whilst Liebig maintained 
that the action was entirely one of oxidation brought about 
by the oxygen of the air. De Saussure and Schbnbein had 
shown that certain organic substances have the power of 
absorbing oxygen from the air in a similar manner to finely 
divided platinum; the oxygen thus taken up being trans¬ 
ferable to other substances and causing their oxidation. 
Liebig adopted this view of the action of u mother of vinegar,” 
or the pellicle of Mycoderma aceti , and asserted that its action 
was not a physiological one, but simply that of a carrier of 
oxygen to the liquid, thus causing the oxidation of alcohol to 
acetic acid. 

As additional evidence of the correctness of his theory, 
Pasteur, however, cites the following experiment: If a ferment¬ 
able saccharine liquid be sterilised in a suitable flask and pro¬ 
tected from outside contamination, and then a trace of pure 
Mycoderma vini be sown in it, the surface of the liquid will 
in a few days be covered with a pellicle of the organism, 
which can be shown to grow at the expense of the air, absorb¬ 
ing its oxygen and giving out nearly the same volume of 
carbonic acid, and producing no alcohol in the liquid. If now 
the pellicle be submerged in the liquid, bubbles of carbonic 
acid soon begin to rise and alcohol is formed ; at the same 
time its cells swell up and cease to multiply, and the internal 
structure of their plasma becomes very greatly modified. 
Thus the same cells acquire or lose the power of acting 
as a ferment according as they are deprived of air or exposed 
to its action. 

Yeast and other ferments therefore differ from the other 
lower organisms in that they possess the power of living and 
multiplying regularly and continuously without contact with 
the air. Instead of requiring free oxygen to bum the 
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materials which‘serve for their nutrition, they obtain the heat 
necessary to their existence by living upon oxygenated bodies 
like sugar, which can furnish heat by their decomposition. 

When fermentation is viewed in this light, it is evident 
that all living cells may become ferments under certain 
conditions. That this is so has been shown by more than 
one observer. Bohm has found that plants when immersed 
in an indifferent atmosphere entirely free from oxygen, form 
carbonic acid in consequence of internal respiration. The 
plants are not suffocated, but obtain the necessary force for 
maintaining their existence by the combustion of a portion of 
their bodies. Lechartier, Bellamy, and Pasteur observed 
that a large number of fruits, when excluded from the air, 
form alcohol and carbonic acid without the intervention of a 
ferment Pasteur has also detected the presence of alcohol 
in green plums and rhubarb leaves when submerged in water. 
An action takes place in the living cell just as in the cells of 
yeast, but it is less energetic Instead of the respiration of 
oxygen in the ordinary atmosphere, decomposition processes 
take place when the respiration is prevented, and amongst 
the products, carbonic acid, and in many cases alcohol also* 
can be detected, without the slightest trace of yeast or other 
organised ferment being present 

In connection with the preceding, it may be well to give a 
short account of Adolf Meyer’s views on the formation of 
carbonic acid and alcohol during fermentation. He considers 
that yeast, like every other organism, must have chemical 
tension at its disposal in order to perform its vital functions, 
and that such tension is transformed into the form of heat or 
mechanical motion. The breaking up of sugar by yeast into 
alcohol and carbonic acid approaches very nearly a combus¬ 
tion phenomenon, the yeast-cells calling into existence, 
independently of the presence of free oxygen, the force 
necessary for the performance of their vital functions by 
**internal combustion’* by the decomposition of the sugar, 
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just as the life-processes of all organisms are exerted at the 
expense of forces which are furnished by the oxidation of 
organic material. The breaking up of sugar is connected 
with a loss of chemical tension; the alcohol formed having 
a smaller heat of combustion than that corresponding with 
the amount of sugar from which it has been obtained by the 
fermentation. The sugar, according to Meyer, enters the 
yeast-cell by a simple osmotic process, and is partly employed 
for the formation of the plasma of the cell, and is partly 
split up. 

The theory of the osmose of the sugar through the cell-wall 
and its decomposition within the cell has very recently 
received indirectly strong confirmation from the results of 
experiments undertaken by Bourquelot to throw light on the 
vexed question of selective fermentation. In these experiments 
he proved that the rate of fermentation of a mixed solution of 
carbohydrates was exactly proportional to the rate at which 
the sugars diffused through a membrane; in a mixture of 
levulose and dextrose, for instance, the sugars fermented in the 
same ratio as they would dialyse through a porous membrane; 
thus showing that in the fermenting liquid the cell-walls of 
the yeast acted as a membrane through which the sugars 
dialysed. 

The physiological theory of the action of yeast was now 
thoroughly established, but the precise part played by 
oxygen in the growth of the ferment and in its fermentative 
action was still a subject of much controversy. 

Oscar Brefcld investigated these questions, using methods 
which enabled him to employ the microscope. The three 
questions which Brefeld proposed to solve were— 

(1) How does yeast behave in a nutritive solution in the 
absence of oxygen ? can it, as stated by Pasteur, grow with¬ 
out free oxygen ? 

(2) Is it the non-growing yeast which causes fermenta¬ 
tion ? 
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(3) Docs increase of the yeast take place without fer¬ 
mentation ? 

As the result of his experiments, Brefeld arrived at the 
conclusion that the first question must be answered in the 
negative : that yeast cannot grow without free oxygen. The 
experiments showed, however, that a very small amount of 
oxygen—1 part in 6000 —was sufficient to cause growth; but 
that the cells ceased to multiply when the whole of this was 
used up. The results of these experiments are opposed to 
Pasteur’s theory, which assumed that yeast could obtain the 
necessary supply of oxygen by breaking down compounds 
containing oxygen. 

The experiments made to answer the second question 
proved that fermentation can take place vigorously long after 
all growth of the yeast-cells has ceased. This again is 
contradictory to Pasteur's theory, which assumes that fer¬ 
mentation should cease when the multiplication of yeast 
came to an end. 

The third problem was approached by adding a very 
minute quantity of yeast to a large volume of sterilised and 
bright wort, and placing the mixture under conditions which 
allowed the multiplication of the yeast, but prevented all 
fermentation. The results showed that the former could take 
place without the latter. 

Brefeld's experiments still left undecided the question 
whether growth and fermentation can take place in the same 
cell at one and the same time, and the general conclusion 
which Brefeld drew was that fermentation is a pathological 
phenonemon, which commences at the moment when the 
yeast, in a favourable nutritive solution, can no longer grow, 
and which ceases with the death of the yeast-cell. He con¬ 
sidered also that the yeast which caused fermentation in 
sugar solutions gradually lost a portion of the cell-contents 
and that this consisted of nitrogenous substances which 
might again serve as food for the yeast He rrgarded the 
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theory that the substance which separated from the yeast- 
cells was the actual promoter of fermentation as being very 
probable. In this respect his views approached those of 
Liebig. 

The experiments and conclusions of Brefeld were opposed 
by M. Traube, F. Mohr, and A. Meyer, and also by 
Pasteur, who continued to maintain his view that yeast can 
grow in the absence of oxygen. He ascribes the failure of 
the preceding workers to obtain this phenomenon to the use 
of old yeast in Brefeld’s case, and to the employment of impure 
yeast in Traube’s case; the further growth of the yeast would 
be thus checked by the foreign organisms. 

As the result of later researches, Brefeld modified his 
views, and brought them more in accordance with Pasteur’s. 
He found that growth was brought about in oxygen-free 
media by means of sugar, and growth could take place with¬ 
out free oxygen, since the sugar served as the source of the 
oxygen, and gave the energy which even in uncombined 
oxygen is necessary for the development That is to say, 
Brefeld held that by fermentation sugar is not only split up 
in order to liberate heat by this decomposition, but that the 
process must be regarded as both one of reduction and one 
of oxidation, whereby on one hand alcohol, on the other hand 
carbonic acid, is formed. The first process probably uses up 
energy, and sets no heat free, whilst in the second, heat is 
liberated, and this is noticed in the fermenting liquid by a 
proportionally less energetic growth of the yeast-cells. This 
liberation of heat is probably more considerable than in other 
processes of vegetation which are known in the vegetable 
kingdom. 

Brefeld, however, still differs from Pasteur on some points. 
The latter, it will remembered, considers that fermentation 
cannot take place without simultaneous growth, development, 
and multiplication of the yeast, whilst Brefeld stills maintains 
that in oxygen-free media both fermentation with growth, as 
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well as fermentation without growth, can take place. Brefeld, 
in fact, distinguishes between fermentation with growth, 
fermentation without growth and loss of substance, and fer¬ 
mentation without growth but with loss of substance con¬ 
tinuing to exhaustion of the substance. 

Brefeld does not doubt that in a pure fermentation—L e., 
“ growth during fermentation without pathological appearance 
of death "—no other product is formed besides alcohoL The 
by-products, glycerine, succinic acid, &c., arise, he concludes, 
from the death of the yeast-cells, and their presence and 
amount probably varies with the presence and amount of 
dead cells. 

We now come to the “ molecular-physical ” theory of 
Carl v. Naegell This is really a modification of Liebig’s 
mechanical theory, of which we have already treated. 
Nsegeli, however, in a brief review of the rival theories, 
considers that the work done on this subject, both by him¬ 
self and others, leaves the theory of Liebig entirely without 
experimental basis. lie holds that if there is present in the 
ycast-ccll a substance which gives rise to fermentation by 
its decomposition, it should be capable of extraction, like 
invertase. There is also no analogous case to that suggested 
by Liebig, in which a chemical vibration, especially the de¬ 
composition of a substance brought about simply by the 
decomposition of another substance in its presence, takes 
place without being accompanied by a corresponding physi¬ 
cal vibration. The nearest analogy—namely, that in which 
an inorganic or organic substance is able to set up a chemical 
decomposition simply by contact action—is not applicable, 
since the catalytic substance itself undergoes no chemical 
vibration, but remains unaltered. 

Nsegeli also advances important objections to the different 
theories of fermentation which have been advanced by various 
chemists—from Traube to Hoppe-Seyler—and at which we 
have glanced in the preceding pages. The hypothetical 
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substance supposed by these workers to cause fermentation 
has not been yet prepared—in fact, there are chemists who 
consider this substance to be incapable of separation from 
the living cell, and it must therefore differ from the other 
known chemical ferments. This difference is sufficient to 
condemn the soluble-ferment theory. Naegeli emphasises the 
fact that fermentation is connected with the plasma of the 
living cell, and only takes place under the immediate influence 
of this. If an organism acts at a distance, it separates a ferment 
Ferments convert non-nutritive or feebly nutritive compounds 
into extremely nutritive compounds; whilst fermentation 
destroys the most nutritive substances and produces substances 
which are, without exception, unfavourable to the organism. 
Sugar, for instance, is decomposed, forming alcohol, lactic 
acid, &c. The products of fermentation are not favourable to the 
organisms of fermentation. By the action of soluble-ferments 
or enzymes, the organic compound is decomposed, molecule 
for molecule, into its components (starch into maltose and 
dextrin, cane-sugar into invert-sugar, and so forth) ; by fer¬ 
mentation, a number of products are always formed, and the 
relative amounts of these vary under different conditions. In 
fermentation carbonic acid occurs as a by-product, but is 
never formed by the action of enzymes. The soluble-fer¬ 
ments can also be replaced by other substances—for instance, 
by acids, alkalis, even by water at a high temperature; but 
fermentation can only be produced by yeast or other organ¬ 
isms. Finally, Naegeli states that by fermentation heat is 
liberated, whereas by the action of soluble-ferments heat 
is absorbed. The latter statement is, however, obviously 
incorrect. 

Naegeli thus distinguishes between yeast and soluble- 
ferments ; the action of yeast he calls yeast—or fermentative 
—action, in opposition to the action of enzymes. He also 
considers that the classification of ferments into 14 organised M 
and “ unorganised 11 is not admissible. 
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In the course of a series of experiments to test Pasteur's 
theories, Naegeli found that free oxygen is favourable to 
fermentation, and that, therefore, Pasteur's theory, according 
to which fermentation follows the want of free oxygen, is not 
correct 

According to Naegeli, the numerous processes of fermen¬ 
tation must be divided into two groups—namely, fer¬ 
mentations which take place in the absence of oxygen, and 
fermentations which require an unlimited supply of oxygen. 
To the first belong all fermentations of the sugars and similar 
substances, as well as of the peptones; these can only be 
brought about by yeast To the second group belong the 
acid fermentations, the fermentation of wine, &c„ and the 
“ oxidation fermentations.” 

Naegeli considers the question whether it is not possible to 
form a conception of the process of fermentation which shadl 
embrace all the observed phenomena, and also be in accord 
with the views of molecular physics. He commences with the 
discussion of the action of soluble-ferments (diastase, invertase, 
&c), and points out that these can only act when they aue in 
contact with the substance to be acted on ; then, adopting the 
explanations of Bunsen and of HUfner regarding catalytic 
action, Naegeli holds that the contact substance (soluble- 
ferment) is active not only on account of attraction and 
repulsion, but principally on account of the condition of 
vibration of its atoms and molecules. 

According to a fundamental conception of molecular 
physics, molecules possess a certain internal vibratory move¬ 
ment which is also possessed by each single atom and group 
of atoms in the molecule. When a rise of temperature takes 
place, a portion of the heat goes to render the internal vibra¬ 
tions of the molecule and its atoms and atomic groups more 
active, and at last a point is reached when the internal vibra¬ 
tions of the molecule are so intense that it breaks up and 
forms new compounds. This result may be brought about by 
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agencies other than heat, or by heat in conjunction with other 
forces; thus if two solutions are mixed, the temperature of 
neither of which is sufficient when alone to bring about a 
decomposition, then the unequal molecular movements of the 
two substances tend to bring about a state whereby the former 
equilibrium of each is disturbed. If the disturbance is great 
enough, decomposition takes place, if it is not, a new equi¬ 
librium is established. 

Although the actions of soluble-ferments and yeast are dif¬ 
ferent in many respects, yet they agree on one point—namely, 
as coming within the molecular-physical law. Like the con¬ 
tact action of the former, the action of yeast is also governed 
by molecular vibrations, which disturb the former equilibrium 
of the fermentable substances and bring about a decom¬ 
position. Naegeli says, “ Whilst, however, the soluble-ferment 
acts as a simple chemical compound, the yeast-cell acts by the 
combined molecular vibrations of many compounds, of which 
the living plasma in certain conditions consists.” 

Naegeli therefore defines fermentation to be “a transfer of 
the state of vibration of the molecules, atomic-groups, and 
atoms composing the different compounds of the living plasma 
(which remains chemically unchanged) to the fermentable 
substance, whereby the equilibrium of its molecules is dis¬ 
turbed, and their decomposition brought about” 

It will be seen that the " molecular-physical ” theory of 
fermentation of Naegeli resembles both the mechanical and 
soluble-ferment theories. Liebig, however, considered fermen¬ 
tation to be brought about by chemical vibrations or decom¬ 
position, and not by purely molecular vibrations. It will be 
remembered that Liebig considered alcoholic fermentation to 
be brought about by the decomposition of the albuminoids of 
the living yeast-cells. The soluble-ferment theory differs 
from Naegeli’s in that it requires the presence of a different 
ferment for each fermentation, or, to use Naegeli's words, “that 
a special chemical cause must exist for the special chemical 
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process, whilst the molecular-physical theory allows the dif¬ 
ferent fermentations to result from the living plasma, which 
can give rise to various chemical actions corrresponding with 
the different organisation and mixture, both as to nutritive 
substance and to fermentability ” 

This theory allows of the explanation of the following 
points, which could not formerly be explained :— 

(1) That the fermentation process takes place only in the 
cells or in the immediate neighbourhood of yeast-cells, and 
that it cannot be separated from these. 

(2) That whilst a symmetrical splitting up takes place by 
the action of soluble-ferments, yet various unsymmetrical 
decompositions take place by fermentation. 

(3) That according to the individual differences of the yeast- 
cells, the quantitative proportions of the products of decom¬ 
position are different 

(4) That each specific organised cell causes special com¬ 
binations of decomposition, which possess nothing in common 
but the liberation of carbonic acid in each case. 

(5) That the fermentative action of yeast-cells as a whole 
has not yet been able to be imitated by artificial means. 

Nsegeli also discusses the important question—Does fer¬ 
mentation take place in the interior or exterior of the yeast¬ 
cell ? He carried out a number of experiments on this point 
He found that under favourable conditions, yeast split up in 
one hour 1*67 times its dry weight of sugar, and formed o # 85 
times its weight of alcohol. The most active cells must there¬ 
fore, if the fermentation took place only in the interior, have 
taken up in the hour 3*34 times their weight of sugar, and 
separated 1*7 times their weight of alcohol Enormous as 
this performance appears, it is not impossible, according to 
Nxgcli’s calculations, and therefore the question of osmose 
receives no answer from these experiments. 

Naegcli then endeavoured to find an answer from analogy 
by observing the behaviour of other vegetable cells. Expcri- 
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ments in this direction pointed to the phenomenon taking 
place outside the cell, but the results were not sufficiently 
exact to warrant a definite conclusion. However, Naegeli 
finally came to the conclusion that fermentation takes place 
outside the cell, and that the action extends to a distance of 
one-fortieth to one-fiftieth of a millimetre from the cell-wall. 
He explains the action as follows : “According to the mole¬ 
cular-physical theory, during fermentation the vibrations of 
the molecules, the atomic-groups and atoms of the plasma are 
communicated to the fermentable material. The communi¬ 
cation takes place in the same manner as in all analogous 
cases, as in the propagation of the vibrations of light, sound, 
heat, and electricity. The vibrations of one molecule give rise 
to similar vibrations in the nearest molecule, this conveys it 
the next, and so on.” 

The principal grounds on which Naegeli founds his conclu¬ 
sion that the action is extended beyond the cell are, that when 
certain fruits are placed in grape-juice, the flesh of the fruit 
shows a considerable alcoholic fermentation before the slightest 
trace of fermentation is visible in the juice itself. If, however, 
the fruit is skinned before being immersed in the liquid no 
fermentation of the flesh of the fruit takes place. Naegeli 
distinguishes this from the self-fermentation of living cells 
observed by Pasteur, Brefeld, &c., and to which we have pre¬ 
viously referred. He regards the fermentation in the first case 
as due to the vibrations of the yeast-cells, existing on the 
grape-skin, being transmitted through this to the fermentable 
material within ; when the skin is removed, the yeast-cells are 
of course also removed, and the fermentation no longer takes 
place. Another important reason is the formation of acetic 
ether in solutions in which the alcoholic and acetic fermenta¬ 
tions are simultaneously proceeding. Alcohol and acetic acid 
combine only in the nascent state to form acetic ether, and if 
these substances are set free in the interior of their respective 
ferment-cell, yeast and the acetic acid bacterium, it appears 
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impossible for the combination to take place, whereas if they 
are formed outside the respective cells, which may be in the 
immediate neighbourhood of each other, the formation of the 
ether is easily explained. 

Naegeli sums up the question thus: “ The causes of fer¬ 
mentation are found in the living plasma in the interior of the 
cell, but they also act for a certain distance (at least i-50th 
m.m.) outside the cell. The decomposition of sugar takes 
place to a small extent in the interior of the yeast-cell, but to 
the greatest extent exterior to the cell. This holds good for 
both the chief products of alcoholic fermentation, alcohol and 
carbonic acid ; the bye-products, glycerine and succinic acid, 
are probably formed in the interior of the cell." 

This statement regarding the alcoholic fermentation applies 
equally to all other fermentations. Lactic acid, butyric acid, 
acetic acid, &c., all resulting in part from decompositions, 
which take place outside the cells of the respective organisms. 

Present Views on Fermentation. 

It must be confessed that at the present time we arc 
without any theory of fermentation which embraces the whole 
of the known facts. Nacgeli’s theory had many adherents 
when it was first enunciated, but we believe that at the present 
time it finds very little support among those interested in the 
study of fermentation. This is due to several reasons which 
will be apparent when we consider more recent work. The 
theory of Pasteur is perhaps the one most generally adopted, 
but time has shown even it to be incorrect in several important 
features. In his book ‘ Studies on Fermentation,' published 
in 1879, Pasteur replies to the objections of Brefeld, Traube, 
and others mentioned above, and reiterates his earlier state¬ 
ments, which may be concisely summed up by saying that 
M fermentation is a result of life without air.” Naegeli, how¬ 
ever, in his experiments found that free oxygen was necessary 
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for certain fermentations, but, as we have seen, he did not 
include the alcoholic fermentation in this class, although his 
experiments showed that free oxygen acted beneficially upon 
the fermentative power of the yeast Later, Buchner showed 
the favourable influence which free oxygen exercises upon 
the butyric fermentation ; he did not, however, investigate the 
alcoholic fermentation. 

The recent work of Bourquelot * on the so-called selective 
fermentation appears to support the theory that the change of 
sugar into alcohol and carbonic acid takes place in the 
interior of the cells, for he found that any given fermentable 
carbohydrate will be fermented, as compared with another 
carbohydrate, entirely according to its relative capacity for 
diffusing through a membrane: i.e., if two sugars—say levulose 
and maltose—are fermented simultaneously, the levulose will, 
in a given time, be fermented more rapidly than the maltose, 
just in the same manner as a mixture of levulose and maltose 
will diffuse at different rates through a moist membrane ; the 
levulose diffusing the more rapidly. Bourquelot’s researches 
appear to show a very intimate connection between the fer- 
mentability of a sugar and its diffusibility through the cell-wall 
into the interior of the cell. The cell-wall of the yeast is 
nothing more nor less than a membrane, and this is strong 
evidence in favour of Pasteur’s theory that the actual chemical 
change of fermentation takes place in the interior of the cell. 

Considerable doubt has, however, been cast upon the 
correctness of Bourquelot’s conclusions by the more recent 
work of Gayon and Dubourg,f who found that certain species 
of yeast had the power of fermenting levulose more quickly 
than dextrose, whilst, with other varieties which followed 
Bourquelot’s law, and fermented dextrose the more quickly, 
the rate at which this selective fermentation took place varied 
within very wide limits. 

We have also been informed by Adrian J. Brown 

* Ann. Chim. Phys. ix. p. 245. t Compt. rendu, cx. p. 16. 
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that when solutions of dextrose, varying from 5 to 20 per 
cent, are seeded with the same number of yeast-cells, and 
fermented for a given time, the amount of sugar which is 
fermented in each solution is practically the same; that is, 
concentration has no influence upon the amount of sugar 
fermented. Now if fermentation depended upon the dialysis 
of the sugar through the cell-membrane, we should expect 
to find that in the stronger solution considerably more sugar 
would be fermented than in the weaker, for we know that 
concentration has a great influence upon the rate of dialysis. 

In an interesting paper lately published by A. J. Brown* 
it was shown that yeast-cells decompose or ferment sugar 
more vigorously in the early stages of their growth than 
during the later stages, when the multiplication is less or has 
practically ceased; thus, during the first 12 hours of an 
experiment, the proportion of sugar fermented per cell was 
0*237 gram of sugar, during the second 12 hours this decreased 
to 0*1513 gram, and in the third 12 hours only 0*0760 gram 
was fermented. These results were confirmed by experiments 
with beer wort, and arc directly opposed to the generally 
accepted belief on this point 

Some recent experiments by Adrian J. Brown, com¬ 
municated to us by him, cast grave doubts on the accuracy 
of Pasteur’s statement that fermentation is a result of life 
without air. We have already mentioned the fact that 
Nxgcli, Buchner, and others found that free oxygen was 
favourable to certain fermentations; A. J. Brown has repeated 
these experiments with yeast and sugar solutions, under such 
conditions that no multiplication whatever oj the yeast takes 
place. He finds that if two such fermentations are started, and 
n continuous current of oxygen is passed through one, whilst a 
current of carbonic acid is passed through the second, a slightly 
greater amount of fermentation takes place in the presence 
of oxygen than in its absence. These experiments appear to 

* Tnunactkns Lab. Club, iii. p. 73. 
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leave no doubt that fermentation does not result from the 
yeast-cells being deprived of oxygen. It is true that Pasteur 
obtained a much increased fermentation when he employed 
shallow open vessels for his experiments, but he ascribes this 
result (i) to the larger increase of yeast, and (2) to the fact 
that the cells, as they were formed, fell to the bottom of the 
dish, and being there cut off from a supply of oxygen by the 
vigorous budding yeast in the upper strata of the liquid, they 
started a decomposition and consequent fermentation of the 
carbohydrate, in order to obtain their supply of oxygen. 

The experiments of A. J. Brown were, as we have said, 
made under such conditions that no cell-increase took place, 
and they were therefore free from the disturbing factors which 
such increase would cause. The cells were also bathed, so to 
speak, in oxygen the whole time the experiments were pro¬ 
ceeding, so that no explanation similar to Pasteur’s is possible. 
We are therefore forced to the conclusion, from these and other 
known experiments, that Pasteur's theory is incorrect on some 
most important points, and inadequate to explain others. 

There is, however, every probability that fermentation 
takes place in the interior of the cell, and A. J. Brown 
suggests to us that the protoplasm of the yeast-cell communi¬ 
cates a certain vibratory motion to the sugar molecule, which 
thereupon splits up into simpler molecules, at the same time 
liberating heat. Heat being necessary for the continuance of 
all cell-life, that liberated by the decomposition of the sugar 
goes, in part, to maintain the life of the yeast. In all proba¬ 
bility, it is for the purpose of obtaining heat, that is to say, 
the necessary amount of energy, that yeast is endowed with 
the power of fermenting sugar. The decomposition is 
naturally dependent upon the life of the cell, and ceases 
when the cell dies. 
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THE ORGANISMS OF FERMENTATION. 

Having now shortly examined the theories of fermentation 
generally, it is necessary to go rather more closely into the 
subject of the ferments themselves. It will be remembered 
that we have already dealt with bodies to which the term M fer¬ 
ments ” is sometimes applied, such as diastase, invertase, &c. 
These soluble-ferments or enzymes are secreted by living cells, 
and are incapable of reproducing themselves. The ferments 
we have now to describe are living organisms, capable of 
growth and reproduction, mostly secreting soluble or chemical 
ferments, and capable of effecting certain chemical changes in 
substances, correlative with their reproduction—these chemical 
changes constituting the so-called fermentations and putre¬ 
factions of the substance. The ferments we have to consider 
are unicellular plants allied to the fungi, and containing no 
chlorophyll. 

The ferments may be divided for our purpose into two 
great classes. The first class are the budding fungi, the second 
the fission fungi. While the first reproduce their sjiccics by 
the formation of one or more buds or smaller cells, which 
then grow to maturity, and in their turn bud again, and also 
sometimes by endogenous spore formation; the second 
multiply by repeated subdivision in one, two, or three 
dimensions of space, also reproducing themselves, under 
certain conditions, by spores formed endogenously. To the 
first class belong the yeasts, or Saccharomycctes ; and to the 
second the bacteria, or Schizomycetes. 

Roughly this division tallies with the division into alcoholic 
ferments and bacteroids or putrefactive ferments. The latter 
division is, however, an arbitrary division, and is by no means 
sharply demarcated; for while the capacity for producing 
alcohol is not strictly confined to the Saccharomycctes, it 
being possessed to some extent by certain moulds and bac- 

x 2 
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teria, there are certain so-called yeasts which cannot be classed 
among the true Saccharomycetes, as we shall presently see. 

In addition to these two classes, we shall have to consider 
certain members of a third class, the Hyphomycetes, or moulds 
(see p. 373). These organisms are productive of much trouble 
on the malting floors, and are also apt to invade brewery 
premises and plant, when rigid cleanliness is not exercised. 


I. The Saccharomvcetes, or Yeasts. 

We have seen that Meyer first gave the name Saccha- 
romyces to the organisms which occurred in all cases of 
alcoholic fermentation. The knowledge of the true nature of 
these organisms slowly advanced, and with the increasing 
attention paid by naturalists to the different cases of alcoholic 
fermentation, a differentiation of the Saccharomyces into 
various species took place. This differentiation was based 
mainly on the microscopic examination of the organisms, and 
had, as its basis, the different form, shape, and size of the 
individual cells. The classification thus developed is the one 
still in use at the present time, although our more advanced 
thinkers are very doubtful whether forms which are held to be 
species under this classification should still be so considered. 
The pleomorphism of micro-organisms has only comparatively 
recently been established by Naegeli, Zopf, Hansen, and others, 
and this has to a considerable extent upset the earlier idea 
that all the various morphologically or physiologically distinct 
forms belong to different species. The greater part of the 
discussion on this question has borne upon the Schizo- 
mycetes ; and the question has engaged the attention of all 
the authorities on micro-organisms, including Cohn, Koch, 
Van Tieghem, Ray Lankester, Lister, Klein, and many others, 
including those mentioned above. Dr. E. C. Hansen has 
suggested the same idea with regard to the Saccharomycctes, 
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and there can be no doubt that his experiments have con¬ 
clusively shown the pleomorphism of various forms of Sac- 
charomyces. On this account the whole classification of the 
Saccharomycetes will probably have to undergo revision at no 
distant period; in the meantime, we must provisionally accept 
the existing classification, which, in the main, is that of Reess,* 
who is one of the chief upholders of the view that the forms 
described below are independent species. 

The origin of the Saccharomycetes is still involved in 
obscurity, and there are some who maintain that they are not 
autonomous fungi at all, but merely stages of development of 
species belonging to other classes. Many observers, including 
Hoffmann,f maintain that they are derived from the moulds: 
Penieillium and Mucor Mucedo being generally considered as 
the forms from which they originated. Others, again, have 
considered Oidium as the source of the yeast-fungi Oscar 
Brefeld,t has recently elaborated a new line of work in con¬ 
nection with the origin of the Saccharomycetes. He considers 
them to be identical with budding conidia of various species 
of Usitaginca , or Smuts. A short rtsnmt of this theory—which 
is somewhat too special to be considered here—will be found 
in Grove’s ‘Synopsis of the Bacteria and Yeast Fungi.’ 

The multiplication of yeast by budding was of course 
known from the time when the cells of Saccharomyces were 
recognised as living organisms, but we owe to ReessJ the 
discovery of the reproduction of yeast and other ferments 
by means of endogenous spores. The formation of these is 
favoured by depriving the cells of all nutriment, and exposing 
them to a constantly damp atmosphere. Engel § afterwards 
confirmed this observation of Reess, and proposed the method 

• 1 lot anise he Untcrsuchungen iiber die Alkoholgahningspilie. Max Recss. 
Ixi|>*ig, 1870. 

| Dotanische Untersuchungcn, 1883, Ileft 5. 

X Dolanische Zcilung, 1869 ; and toe, at, 

| • Lcs Ferments Alcooliqucs: ttudes Morphologiques.* Far L. EngeL 
Paris, 1872. 
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at present in use for obtaining the spores—namely, by the 
cultivation of yeast upon plaster blocks partially immersed in 
water and kept in a damp atmosphere. As we shall see later, 
Hansen has utilised the formation of spores as a means of dis¬ 
tinguishing between different 
varieties of yeast. 

Reess* classification of 
the Saccharomycetes is as 
follows:— 

The Saccharomyces are 
simple Ascomycetes without. 
a true mycelium. They are 
unicellular plants, multiply¬ 
ing themselves by the forma¬ 
tion of buds which sooner or 
later separate themselves from 
the mother-cell (Fig. 6). A portion of the cells produced by 
budding directly develop to spore-forming asci. Number of 
spores in ascus, usually 1-4. The germinating spores multiply 
themselves directly by budding. 

a. Species thoroughly examined:— 

Sacch. cerevisice, el/ipsoideus, conglomeratus, exiguus, 
and Pastorianus. 

b. Species incompletely known:— 

Sacch. Mycoderma, and 5 . apiculatus. 

1. Sacch. cerevisice, Meyen (Fig. 6). The cells mostly 
round or oval, 8-9 /t \ long, isolated or united in small colonies. 
Spore-forming cells (asci) isolated, 11-14 /* long; spores 
mostly three or four together in each mother-cell, 4-5 p in 
diameter. The alcoholic ferment of beer. 

There are two varieties of this species, the so-called “ top” 

* M is the most common abbreviation for the micro-millimetre, which is the 
name given to the unit of microscopical measurement, and which is equal to one 
thousandth of a millimetre. 


Fig. 6. 
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Sacch . cerevisice , showing varioqp stages 
of budding. (After De BaryO 
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or M high,” and “ bottom ” or “ low ” yeast The bottom-yeast 
sets up a fermentation in beer-wort at temperatures from 
40° to 50° F.; the fermentation continues for eight to ten days, 
and the temperature during this period rises 2*5° to 4*5° F. 
During the period of the fermentation only a very slight scum 
is formed on the surface of the fermenting liquid, and this 
scum contains only a very small proportion of ycast-cclls. 
Doth the old as well as the newly-formed yeast-cells settle on 
the bottom on the fermenting vessel as a dense sediment, 
sharply separated from the liquid. Bottom-yeast consists of 
round or slightly oval cells with a diameter of 8-9 they are 
said to be slightly smaller and more oval than the cells of the 
top-yeast 

Top-yeast requires a higher temperature for its action than 
bottom-yeast—namely, 54° to 77 0 F.; and the fermentation is 
usually complete in two to three days. The newly-formed 
cells rise to the surface of the liquid, and there form a large 
foam-like head. The ferment is distinguished from bottom- 
yeast in that its budding cells form more ramified clusters 
than the budding cells of the latter, which usually occur singly 
or in pairs. The cells also bud more freely, and the clusters 
of cells are carried to the surface by the carbonic acid evolved. 

The earlier observers, Caignard de Latour, Turpin, and 
Mitscherlich, considered top-yeast to be morphologically dif¬ 
ferent from bottom-yeast, and this was generally accepted until 
Pasteur in his earlier memoirs, concluded that the two fonns 
were identical,and that the observed differences were simply the 
result of different temperatures and conditions, and that top- 
yeast could easily be converted into bottom-yeast, or vice versA , 
by merely changing the conditions of growth. The results of 
Reess' experiments, however, threw considerable doubt upon 
this, and it did not appear to be such an easy thing to bring 
about the change. In these experiments, certainly, top-yeast 
and bottom-yeast approached each other more nearly in their 
behaviour under the conditions employed, since at a higher 
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temperature and in a top-fermentation wort, bottom-yeast 
showed a more vigorous budding, but Reess found it impos¬ 
sible, during the duration of his experiments, to cause the 
differences to entirely disappear. Reess, however, considered 
that top-yeast and bottom-yeast have had the same origin, 
but that they have been so modified by numberless generations 
under the same conditions, that the differences now existing 
could not be altered by short culture. Pasteur, in his ‘ Etudes 
sur la bi&re,’ adopts the same view, having thus completely 
changed his former opinion. He says that the top-yeast and 
bottom-yeast which are employed in breweries, and have, 
been propagated by continued culture, are two morpho¬ 
logically different varieties which cannot be converted the 
one into the other, and which possess very marked distinct 
properties. In cases where it has been supposed that the one 
has been changed into the other, he concludes that the yeast 
taken for the experiments was impure, and contained both 
top- and bottom-yeast, and therefore the former developed 
at the higher temperature, and the latter at the lower. 

All the evidence goes to prove that these two varieties of 
yeast are quite as distinct as the great differences which are 
observed in the varieties and sub-species of higher plants and 
animals. They have undoubtedly been derived from some 
common form by selection and by the conditions of environ¬ 
ment, just as all the species of Saccharomyces have had some 
common origin, perhaps from one of the so-called wild forms 
which is still known to us as such. It is a very moot point 
where the line should be drawn, and how far the different forms 
should be classed as species or varieties. This will be seen 
more clearly when we study Hansen’s work, and notice the 
minute but constant differences which his different races of 
bottom-yeast exhibit. There can be no doubt that, given 
sufficient time, top-yeast, which will not ferment at tempera¬ 
tures much below 50° F., could be modified so far as to assume 
the functions of bottom-yeast, and ferment at temperatures of 
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about 35 0 F., by carrying on cultivations under slowly-altering 
conditions for a lengthened period. 

2. Sacch. ellipsoidens , Reess (Plate V., fig. 3).—The cells 
are elliptical, having a length of 6 ft, and a width of 4-5 ft, 
and are isolated, or united by quick growth in small groups of 
branched cells. The spores are four, or more frequently two 
in each mother-cell, which are always isolated. The diameter 
of the spores is 3-3 • 5 fu This is the ferment of wine, and 
is also most frequently present in spontaneous fermentations. 

3. Sacch. conglomerate , Reess.—The cells are almost 
round, of 5-6 ft diameter, and are united in clusters, which 
result from the formation of buds on all points of the surface 
of the mother-cell; the buds grow to the same size as the 
mother-cell, but do not separate. Spore-forming cells often 
occur in pairs, or combined with a vegetative cell; the spores 
are two to four, and on germination again give rise to clusters. 
The ferment occurs in wine at the beginning of the fermenta¬ 
tion, and also on decaying grapes. Its fermentative action is 
doubtful. 

4. Sacch. exiguus , Reess (Plate V., fig. 5). —The cells are 
conical or top-shaped, with a length of 5 /i, and a width of 
2*5 fi at the widest point, and are united in sparingly 
branched colonies. The spores are two or three, and lie in a 
row in isolated mother-cells. This ferment occurs in the after- 
fermentation of beer, and in fermenting juice of fruit The 
occurrence of this ferment in beer is to be dreaded on account 
of its small and light cells, which are apt to cause turbidity. 

5. Sacch. Pastoriaitus , Reess (Plate V., fig. 1).—The cells 
are roundish-oval in slow growths; in luxuriant growths, 
branched colonies, with club-shaped primary members, 
18-22 long, which throw off secondary roundish or oval 
cells, 5-6 long. Spore-forming cells, roundish or oval; 
the spores front two to four together, 2 ft in diameter. The 
ferment is a slow-acting alcoholic ferment, and occurs in the 
after-fermentation of wine and spontaneously-fermented beer. 
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This is the ferment described by Pasteur, and named Pas - 
torianus by Reess in honour of that celebrated savant . 
There seems to be some resemblance between this ferment 
and some of the mould-fungi, notably Dematium , and the 
possible identity is discussed by Pasteur. 

6. Sacch . Mycoderma , Reess (Plate V., fig. 6).—The cells 
are oval, elliptical, or cylindrical, with a mean length of 6-7 /*, 
and width of 2-3 they form richly branching colonies. 
Spore-forming cells arc often as much as 20 long; spores 
one to three in each mother-cell. This ferment forms a film on 
fermented and partially-fermented liquids, especially on wine 
and beer; it is known as “ fleurs de vin” “ fleurs ou matons de la 
bitre” This ferment is known by several other names— 
Mycoderma ccrcvisice and vim (Dcsmaziircs and Pasteur), 
Hormiscium vini and cerevisia (Bonordcn). Pasteur has shown 
that this ferment must be classed as an alcoholic ferment, 
since when grown submerged it produces small quantities of 
alcohol, but Hansen has recently stated that it docs not 
ferment cane-sugar, maltose, dextrose, or milk-sugar, and 
does not invert the first named. When it grows on the sur¬ 
face of fermented liquids, it freely absorbs oxygen from the 
air, and converts the alcohol present in the liquid into carbonic 
acid and water.* 

7. Sacch. apiculatus , Reess.—The cells are lemon-shaped, 
shortly apiculate at each end, 6-8 long, and 2-3 fi broad, 
and under certain conditions slightly elongated. The cells 
only bud at the ends, and the daughter-cells quickly separate; 
the cells very rarely form united small, scarcely-branched 
colonies. Spores are unknown, making the position of the 
ferment among the Saccharomyces doubtful. It occurs some¬ 
times in the primary fermentation of wine and other sponta¬ 
neous fermentations, and also on all kinds of succulent fruits. 
Engel does not class it with the Saccharomyces, and gives 
it the name, Carpozyma apiculatum (sec p. 337). 

8. Sacch . minor , Engel (Plate V., fig. 4). This is a species 
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which is sometimes considered to be identical with Sacch. 
cerevisia; it is, however, somewhat smaller, and of about 
3-4 /a diameter. It forms spores, and was found by Engel 
in the leaven of flour. 

In the preceding, we have given, with the exception of 
Sacch. minor , the classification of the Saccharomyces by 
Rccss ; there arc other forms described and named by various 
observers, the chief of which are :— 

Sacck. sphcericus , Saccardo. 

Sacch. glutinis , Fresenius, Cohn. 

Sacch. albicans , Robin, Reess. 

Sacch. guttulatus , Robin. 

Sacch. oleiy Van Tieghem. 

Sacch. rosaceus. 

Sacch . niger. 

These are, however, of no importance, and the claims of 
the majority of them to be included in the genus Saccharo- 
inyccs arc very doubtful; the two last often occur in the air, 
and are found on gelatin plate cultures. 

In addition to the above, Pasteur describes two alcoholic 
ferments, to which he has given the names of “ new top-yeast ” 
(nouvelle lev&re haute), and “ caseous yeast ” (levhre cas/euse) 
respectively (Plate V., fig. 2 L.H.) The former was found 
in a beer-wort which had been exposed to the air of his 
laboratory during the night; it had previously escaped notice. 
The cells are uniformly oval, and resemble bottom-yeast in 
their method of budding; it is, however, a top-yeast It 
gives a beer with a very distinct, pleasant taste. Pasteur 
afterwards concluded that this ferment may be found in some 
beers. 

The latter, the caseous ferment, Pasteur obtained by 
heating ordinary yeast at 50° C. (122 0 F.), in a liquid con¬ 
sisting of ordinary wort, solution of potassium bitartrate, and 
alcohol. It differs very considerably from top-yeast, and the 
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young growth consists of jointed branches of greater or less 
length, which, at the junction of the segments, put forth 
similar cells or segments of a round, oval, cylindrical, or 
other shape. Shaken up with water, the ferment sinks 
quickly to the bottom as a clotted sediment, and leaves the 
supernatant liquid almost clear. When placed on a micro¬ 
scope slide and compressed by the cover-glass, it returns to 
its original form on removal of the pressure. 

In addition to this caseous ferment, Matthews* has 
described a second yeast, which he calls caseous yeast No. 2, 
or Sacch. coagulatus (Plate V., fig. 2 R.H.). This is a yeast 
closely resembling Pasteur's in habit of growth, but with a very 
high degree of activity ; in fact, at temperatures above 70° F. 
its activity appears to be greater than that of Sacch. cerevisice. 
It is a bottom-yeast and yields a beer with a marked resin- 
bitter flavour and a high degree of acid. Matthews considers 
the caseous yeasts to be of much commoner occurrence than 
is usually supposed. 

The commercial yeast which is generally used in breweries 
is a mixture. Apart from its being generally contaminated 
by some of the bacteroids, it is not one distinct variety of 
Saccharomyccs, but consists of a mixture of them, the normal 
beer yeast largely predominating under favourable circum¬ 
stances, but other varieties being abundant. Under our 
English conditions, varieties other than the normal are to some 
extent necessary, as we shall afterwards see, but much of 
the trouble brewers suffer from, is due to the presence of 
some of the deleterious varieties of abnormal wild-yeasts, as 
they are usually called, or perhaps to an excess of those 
which in small number are necessary. 

The researches of Pasteur were mainly directed to the 
study of the bacteria contained in yeast, and he plainly showed 
that when these develop they produce substances mostly of 

* Transactions of the Laboratory Club, 1, p. 32. 
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an acid nature, which affect the potability and appearance of 
beer: the development of these ferments constituting the 
disease of beer, and the abundant formation of the products 
of their action the deterioration of beer. To these disease 
ferments Pasteur devoted his main attention, and his labours 
have resulted in the endeavour of the brewer to exclude these 
organisms from his brewings so far as is at all possible, by the 
employment of good materials, by the scrupulous cleansing of 
plant, and by skilful manipulation. To Pasteur beer disease 
was to all practical purposes confined to these disease fer¬ 
ments ; and although he foreshadowed the question of yeast 
varieties, yet that field was left practically untouched until 
the great Danish naturalist Hansen put the matter of yeast 
variety on a firm basis. 

Hansen has shown us clearly that the bacteria are not 
the only enemies a brewer has to contend against—that a 
commercial yeast, practically uncontaminated with them, is 
capable of producing the most serious troubles ; and that the 
mixture of yeasts which brewers use, contains varieties each 
capable of imparting distinct flavours, distinct degrees of 
brilliancy or turbidity. 

To study the properties of these yeast varieties, a new 
departure was necessary: the cultivation of each variety in a 
pure state. To Pasteur yeast was yeast, whether a mixture 
of varieties, or of one variety only; through the work of 
Hansen and his disciples we can determine what yeasts we 
are dealing with, their properties, and their approximate 
numbers as compared to normal yeasts. The method of pure 
cultivation is the basis upon which all this work rests; it 
therefore becomes necessary to describe it Analogous 
methods, inculcated by Koch especially, enable us to cultivate 
the bacteria in a state of purity; this method, although 
generally applied to the pathological micro-organisms, has 
also yielded excellent results in regard to those which con¬ 
taminate wort and beer. 
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{a) Pure Culture of Yeast. 

The method first employed by Hansen was a modifica¬ 
tion of Naegeli’s “ dilution ” method, and, as this is still of 
advantage under certain circumstances, it will be advantageous 
to briefly describe it. The “ dilution ” method possesses the 
advantage of enabling the worker, from the moment the single 
cell has been sown in a flask, to carry on all subsequent opera¬ 
tions, and to obtain a large quantity of absolutely pure yeast, 
without any danger of contamination from without It is also 
essential to employ this method when we have a mixture of 
different species of yeast, some vigorous and some feeble, and 
wish to separate and cultivate the latter, since these will not 

grow in solid nutritive gelatine, but 
will freely do so in nutritive liquids. 
The method is carried out as follows: 
a vigorous growth of the yeast from 
which we desire to cultivate is pro¬ 
moted in a Pasteur flask (Fig. 7); 
the fermenting liquid is then diluted 
with a large, known volume of 
sterilised distilled water, the yeast- 
cells thoroughly well distributed in 
the diluted liquid by shaking, and 
the number of cells in one small 
drop of the liquid counted by means 
of a haematimeter. This may consist 
either of a microscopic cover glass, on which a number of 
microscopic squares have been ruled, or of a glass-slide, on 
which the squares are ruled in the centre of a very shallow 
cell. A very convenient form of the latter is made by Carl 
Zeiss, of Jena, in which the squares measure i-400th of a 
square mm., and the cell is o* 1 mm. deep, the cubical capacity, 
therefore, of each square, when the cover-glass is on, being 
0*00025 c.mm. The drop must not be allowed to extend 


Fig. 7. 



Pasteur's Flask. 
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beyond the squares, and its volume and cell-contents can then 
easily be ascertained. A similar size drop, containing, let us 
say 10 cells, is now withdrawn from the diluted liquid after 
renewed shaking, and transferred to a flask containing a 
known volume of sterilised water—say 20 c.c.—then the pro¬ 
bability is that when the cells are uniformly distributed, each 
2 c.c contains only one yeast-cell. The flask is well shaken 
for some time, and a series of Pasteur’s flasks containing 
sterilised wort of about 1058 gravity is inoculated, each with 
1 ex. of the liquid ; in all likelihood, therefore, every alternate 
flask contains one yeast-cell, and should yield a pure culture. 
This is, however, only a probability, and in order to determine 
its correctness or otherwise, the flasks are thoroughly shaken and 
allowed to remain perfectly still at a suitable temperature, the 
cell or cells then sink to the bottom of the flasks, and there 
remain and grow. After some days the flasks are carefully 
removed and examined, and the number of points of growth 
noted In those flasks in which only one colony or point of 
growth appears, it is fair to assume that only one cell was added, 
and therefore the flask contains a pure culture; those flasks 
which contain two or more colonics or points of growth arc re¬ 
jected as impure. A further check on the purity of the colonies 
consists in observing the total number of colonies formed in all 
the flasks; this should correspond to the number of cells in the 
drop taken for dilution. 

This method has given good results in the hands of Hansen, 
more particularly in cases where the species of Saccharomyces 
has some very marked characteristics, such as Sacch. apiculatus 
mentioned above. It is also applicable to the other cases 
previously referred to. 

In his later investigations on the physiology and morph¬ 
ology of the alcoholic ferments, Hansen abandoned the 
M dilution” method, except in special cases, and adopted a 
modification of Koch's gelatine-plate method, using, however, 
a mixture of hopped-wort and gelatin for his cultivations. 
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and taking more elaborate precautions to prevent contamina¬ 
tion after the inoculated wort-gelatin is spread on the plate. 
He adopted this method, because by its aid a single cell can 
be selected under the microscope, its position marked, and 
its course of development followed throughout Thus the 
element of chance in the method given above is eliminated, 
and we can actually select our single cell and keep it under 
observation from the beginning. 

The wort-gelatine employed in this method is made by 
dissolving 5 to 10 per cent of gelatin in bright hopped wort 
of about 1058 gravity; it should be fluid at temperatures 
above 30—35 0 C., (86—95 0 F.) and solid below this. In 
making a pure culture by this method, we 
Fig. 8. start with a growth of young and vigorous 

cells, and dilute this with sterilised dis¬ 
tilled water, in a small Chamberland flask 
(Fig. 8) of about 30 c.c. capacity, until the 
liquid is only slightly cloudy, then agitate 
in order to distribute the cells as com¬ 
pletely as possible, and withdraw some 
drops with a sterilised glass-rod for micro¬ 
scopic examination. 

For the purposes of this examination, 
and also for that to be mentioned later, it 
Chamberland Flask, is sufficient to use a magnification which 
will clearly define the yeast-cells from the 
detritus accompanying them. A half-inch objective with H 
eyepiece answers this requirement very well. 

This first examination tells us the number of cells in the 
diluted liquid and affords a guide to the next operation. We 
take another small Chamberland flask, of the same size as 
before, which has previously been half-filled with sterilised 
liquefied wort-gelatine, taking all proper precautions to prevent 
contamination, and one or two pieces of thick platinum wire 
about half-an-inch long. The diluted liquid in the first flask 
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is well agitated, care being taken, both here and in the subse¬ 
quent operations with the gelatin, that no froth is formed, and 
a piece of platinum wire, previously sterilised by heat, is dipped 
into the liquid and at once dropped into the fluid wort gelatin, 
which is then well agitated; the temperature of the wort- 
gelatin should not be higher than 3$° C. (95° F.) If the first 
microscopic examination has shown the diluted liquid to be 
rich in cells, the platinum wire is only dipped in it to a small 
extent; if the reverse is the case, the wire is completely 
immersed in the liquid. The right degree of dilution at this 
point is most important, and can only be attained by a certain 
amount of experience; roughly speaking, if we start with an 
ordinary barm, we shall require to dilute it in all to about one 
part in 1,000,000. 

Having well agitated the wort-gelatin in order to obtain 
an equal distribution of the cells, we withdraw with a glass-rod 
a few drops for microscopic examination. This examination 
should show us only a very few cells in the mixture, and these 
should be well distributed throughout the preparation. If too 
many cells are present, the mixture must be further diluted 
with more wort-gelatin ; if too few, another piece of platinum 
wire must be dipped to the necessary extent in the first flask 
and added to the wort-gelatin. It is impossible to lay down 
any hard and fast rule as to the proper degree of dilution, 
since so much depends on the condition of the cells we are 
working with, on the nature of the species, and so forth. A 
little experience will soon teach the worker the proper point 
As a rule, we find that more cells are present than we 
thought, and consequently too many colonies are subse¬ 
quently obtained. 

Having obtained the correct state of dilution, the next 
stage is to allow the cells to grow under suitable conditions. 
This is cflccted by means of a Bottchcr’s moist chamber 
(Fig. 9). This consists of a microscopic glass-slide, a little 
larger than ordinary, on which is cemented a hollow glass ring 

V 
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about 30 mm. in diameter and 5 mm. in height; the ring is 
covered by a thin cover-glass. The apparatus is sterilised as 
usual, and then a drop or two of the wort-gelatin mixture is 

Fig. 9. 


a .1 

lr y ‘ 






Bottchcr’s Moist Chamber. 

rapidly spread on the under-side of the cover-glass, which is 
at once placed on the ring of the chamber with the layer of 
gelatin downwards. The joint between the upper edge of the 
chamber and the cover-glass is made tight by means of vase¬ 
line. It is of course necessary to keep the gelatin fluid and 
well agitated whilst the transfer is taking place. It is advisable 
to prepare two or three chambers, in case of accidents ; and 
the mixture in the flask should also be poured away, leaving 
only a thin layer on the bottom. This serves as a control on 
the chambers, and also as a reserve. The moist chambers 
are allowed to stand quietly until the wort-gelatin has set; 
the joint is then made air-tight by applying a slight pressure 
to the cover-glass, and the latter is prevented from slipping by 
the application of sealing wax varnish to two or three points. 
The whole is then removed to the stage of the microscope and 
examined. 

The yeast-cells should now appear well isolated and few 
in number, and we have to pick out one or more cells for 
observation, and to follow the course of their development 
This may be done in several ways. For instance, permanent 
crosses may be made on each side of the stage of the micro¬ 
scope, and when we have the cell we wish to observe in the 
centre of the field, corresponding crosses may be made on the 
glass slide of the chamber, in such a way that we can always 
find the cell again. Or, we may use a cover-glass on which 
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a number of microscopic squares, about one mm. square, have 
been etched and numbered; the lines and numl>ers then serve 
as excellent points of reference. The most convenient method, 
however, is to employ the marker devised by Klonne and 
Muller, of Berlin ; this consists of a little arrangement which 
screws into the microscope in place of the objective, and by 
the ordinary movement of the focussing screw may be brought 
gently down upon the cover-glass of the moist chamber, where 
it marks a small coloured ring round the cell we wish to 
observe. These precautions serve to assure us that the small 
colonies which will subsequently make their appearance, and 
from which we shall cultivate, are absolutely pure cultures— 
that is to say, they arc each the progeny of one single cell. 

Having thus marked our selected cells, the moist chambers 
are placed in a thermostat at a temperature of 24-25° C. 
(75-77° F.); if this is not available, they may, of course, 
be allowed to remain at the room temperature, but in this 
case the colonies take longer to develop. From time to time 
the chambers are withdrawn from the thermostat, placed on 
the stage of the microscope, the marked cells found, and 
their progress noted. This control serves to assure us that 
the growing colony from each cell remains isolated, and that 
no coalescence of two or more colonies has taken place. 
Under these conditions the yeast-cells develop so rapidly 
that small colonies visible to the naked eye are formed at the 
end of two or three days. 

Hansen states that this rule applies to all the Saccharomyccs 
and all other species resembling these —Mycoderma t/**#’, 
Mycoderma cerevisi<e % “ Torula de Pasteur ,” &c 

The colonies of Saccharomyccs, and some other species, 
have the form and size of pins’ heads, and are of a bright, 
yellow colour; they are sometimes waxy in appearance, and 
the edges may be cither rounded or serrated. The same 
species may present all these appearances in the same culture, 
nothing can therefore be based on the appearance of the 
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colonies in gelatin, as can be done with bacteria. As many as 
sixty colonies may be conveniently developed on a cover-glass 
of the size mentioned above, and if only one-half of these are 
available, a single moist-chamber suffices to obtain a large 
number of pure cultures. 

The operation of transferring the colonies from the moist 
chamber to the flasks used in the next stage of the process, is 
one in which the utmost care is required, and it is most 
essential that the atmosphere of the room in which this 
operation is performed should be quiet and free from dust, 
and that all the vessels and apparatus employed should be 
thoroughly sterilised. 

The apparatus required consists of a small pair of nippers, 
several short pieces of stout platinum wire, about half-an-inch 
in length, and about a dozen small Pasteur's flasks of one-eighth 
litre capacity. The flasks should contain bright, sterilised 
hopped wort of about 1058 sp. gr. In addition to the above, 
one or two small bell-glasses are wanted. If we are working 
with a single species, it suffices to take four or six flasks; if 
we are separating two or more species, it is advisable to take 
a larger number of flasks. This comparatively large number 
of flasks is necessary in order to enable a control to be obtained 
on the experiments by comparing the growths in the respec¬ 
tive flasks, and also in order to avoid the loss of the experiment 
in consequence of accidents; thus we may find, in spite of all 
precautions, that foreign organisms have obtained an entrance 
into one or other of our flasks, or perhaps, on the contrary, no 
growth may develop in some of the flasks, owing to the wire 
employed having been too hot 

The moist-chambers having been examined with the micro¬ 
scope, and those colonies marked the growth of which from 
single cells has been followed from the commencement, the 
transfer is effected as follows: The cover-glass of one of the 
chambers is removed from the ring, and placed by preference 
on a dark background, with the gelatin surface and colonies 
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upwards, and immediately covered by one of the small bell- 
glasses. The dark background throws up the whitish colonies 
very distinctly, and makes their removal much easier. One 
of the short pieces of platinum wire is then taken up with the 
nippers in the right hand, quickly passed through the flame 
of a spirit lamp or Bunsen-burner, and then dipped in one of 
the selected colonics, the bell-glass being removed whilst this 
is done, and then quickly replaced over the cover-glass and 
colonies. Meanwhile the india-rubber tube and glass-rod have 
been removed from the side tube of one of the Pasteur’s flasks, 
and the piece of platinum wire with the adherent cells is 
quickly dropped into the flask, the stopper again replaced, 
and the side-tube and the india-rubber tube passed through 
the flame. This process is repeated with each of the selected 
and marked colonies. In place of the Pasteur’s flasks, we 
may use either those of Chamberland, 'or of Salomonsen, or 
even an ordinary Erlenmeyer flask closed simply by two 
layers of sterilised Alter paper. Each of these flasks has its 
own special use, but for general purposes Hansen considers 
that the Pasteur’s flasks are much to be preferred. The 
flasks should not be shaken until all have been inoculated, 
in order that the atmosphere may not be disturbed. Whilst 
shaking the Pasteur’s flasks it is necessary that the bent-up 
end of the tube should be made quite hot in order to sterilise 
the air which enters. 

The flasks, after being labelled, arc placed in a thermostat 
at about 25 0 C. (77 0 F.) In the course of one or two days 
traces of fermentation may usually be observed, and at the 
end of two or three days the fermentation is generally fairly 
vigorous, and a considerable quantity of yeast has formed. 
This rule applies to the Saccharomyccs in general, and Hansen 
states that it also holds good for the majority of organisms 
capable of exciting fermentation. 

The method described above has only one weak point— 
namely, the danger of contamination after the moist chambers 
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are opened and during the transfer of the colonies to the flasks. 
Up to the time of the former operation, the control on the 
growth is complete, and after the colony has been safely 
introduced into the flask the further operations can be per¬ 
formed without fear of contamination. When the chamber is 
opened there is danger of contamination from the air, from the 
clothing of the experimenter, &c., &c., and at this point this 
is the more dangerous since there is not a vigorous growth 
of cells to repel the intruding organisms. For this reason, the 
method is inferior to the one formerly employed by Hansen, 
the method of dilution already described. When using the 
moist-chamber method, however, the safest way is to use 
only one colony from each chamber. 

It is possible, however, to estimate the amount of probable 
contamination by having a few flasks filled with sterilised 
wort, of the same kind as that continued in the Pasteur’s flasks, 
standing open on the bench whilst the transfer is taking place, 
and at the conclusion of the experiment, closing these with 
sterilised filter paper, and placing them in the thermostat side 
by side with the other flasks. In this manner, the nature 
and number of the micro-organisms capable of developing in 
the wort, and present in the air at the time of the experiment, 
may be ascertained. Hansen states that if proper care be 
taken, and the work be performed in a suitable place, it is 
found that not more than two out of every three such flasks 
will contain a growth, and that this growth consists exclusively 
of a common mould-fungus, Penicillium glaucum , and never of 
bacteria or yeast-cells. Our experience fully confirms this, 
and in no case has a bacterial or yeast contamination been 
found in the control flasks. 

Having successfully transferred the colonies to the flasks 
with sterilised wort, the next question which arises is, How 
are we to select a culture with which to work ? This is by 
no means an easy question to answer. We have our series 
of small flasks, which at the end of two or three days will, 
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as stated above, contain a fair amount of yeast in a state of 
absolute purity, that is to say, we shall have in each flask, 
provided we have carried out the cultivation with due care 
and precaution, the progeny of one single selected cell The 
macro- and microscopic examination of the flasks will give 
us some information on the variety and species. The appear¬ 
ance of the sediment, whether it be granular or caseous, 
whether it be light or heavy, and so on, should be noticed, 
and the flasks may be often roughly divided in this way. A 
sample should also be withdrawn from each flask for ex¬ 
amination under the microscope, taking all proper pre¬ 
cautions. It is necessary, however, to remember that the 
differences in the microscopic appearance of the cells are, 
as a rule, very slight under these conditions of growth, and 
that it requires an experienced eye for the identification of 
the different varieties. We have then to fall back upon 
other points of difference, notably those under which asco- 
spores are formed. Even this is often of very little use, and the 
only thing which can then be done is to successively submit 
the contents of each flask to a trial on a practical scale ; for 
there fa no known method by which, from the mere morpho¬ 
logical examination of a pure yeast variety, we can foretell 
its properties as a ferment 

Hansen introduced pure yeast on a practical scale into 
the brewery of Old Carlsbcrg in 1883, and he then cultivated 
the yeast on a fairly large scale in the following manner: 
The growth in the one-eighth litre flask fa taken whilst in 
vigorous growth, and divided between ten one-half litre 
Pasteur’s flasks containing bright, hopped, sterilised wort 
of about 1058* sp. gr. (All necessary precautions must be 
taken in order to avoid contamination during the transfer, 
which is effected by removing the indiarubber cap from the 
side tube of the small flask, after having previously passed 
the whole through the flame of a Bunsen burner; the glass rod 
only is removed from the cap of the larger flask, which fa also 
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previously sterilised with a gas flame; the side tube of the 
smaller flask is then quickly introduced into the indiarubbcr 
tubing on the side tube of the larger flask, and one-tenth of 
the contents of the former decanted into the latter. The 
glass rod, indiarubber cap, and the side tubes are all passed 
through the flame before and after replacing the former. 
This is repeated with each of the ten flasks.) The flasks 
are then shaken and allowed to ferment at the room tem¬ 
perature for seven to eight days. When the fermentation 
is at an end, and the yeast has settled on the bottom of the 
flasks, the fermented liquid is decanted with all precautions, 
and the sediment from each flask divided between live one- 
litre flasks containing the same nutritive liquid ; the transfer 
must be carried out in the manner just described. These 
flasks are then shaken and also allowed to ferment at the 
room temperature for seven to ten days. 

This gives fifty one-litre Pasteur’s flasks, all of which 
contain yeast derived from one celL The yeast is again 
allowed to settle, the fermented liquid poured off, and the 
sedimentary yeast collected in a couple of the flasks. We 
have now about 2 lbs. of fairly thick yeast, and this is suffi¬ 
cient to barm a small brewery vessel of about 30 gallons 
capacity; this vessel should be placed in a quiet place, and 
be provided with a cover and lock. The yeast from this 
vessel is collected and passed on to a larger vessel; this is 
repeated until sufficient yeast is obtained to barm an ordinary 
fermenting vessel. 

This method is now replaced in the Danish breweries and 
other large breweries on the Continent by an apparatus 
devised by Hansen and Kiihle, and which enables a change 
of yeast to be made very frequently without the trouble and 
expense entailed in the above method ; but in many smaller 
breweries this procedure is still adopted. 

It will be gathered from the above that it is by no means 
an easy matter to prepare sufficient yeast for practical pur- 
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poses, and when we add to this the difficulty of obtaining 
the most suitable variety of yeast to start from, it becomes 
no easy task to introduce pure yeast into a brewery. On 
the Continent a few varieties or races appear to be generally 
employed, thus the yeasts No. 1 and No. 2 of Carlsberg are 
used not only in the Copenhagen breweries, but also in a 
large number of German, Austrian, Russian, and other 
breweries, the original stock in each case having been 
obtained from Copenhagen. Pure yeasts suitable for Con¬ 
tinental top-fermentation breweries have also been isolated 
by Jorgensen, of Copenhagen, and one or two of the Brewing 
Institutes on the Continent have certain selected varieties 
adapted to the requirements 
of local breweries. 

By means of the appa¬ 
ratus of Hansen and Kiihle 
a large quantity of abso¬ 
lutely pure yeast can be 
obtained about every ten 
days for introduction into 
the fermenting room. 

In the first place, the 
yeast from the small Pas¬ 
teur's flasks is added to 
copper vessels of about 2 
gallons capacity (Fig. 10); 
four of these vessels being 
used for each cultivation. 

The vessels are on the principle of a Pasteur’s flask, as 
will be seen from the illustration, and are filled with ordinary 
hopped wort of 1058 gravity ; they are sterilised by boiling 
in the usual way, and should stand for some time after 
sterilisation, in order that the wort may become aerated 
before use. 

When the yeast has increased to its maximum extent in 


Fig. ia 
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these vessels, it is transferred to the continuous culture 
apparatus. 

This apparatus (Fig. 11) consists of three parts, connected 
together by tubes; these parts are an air-pump (A) and 


Fig. n. 



air-reservoir (B), a wort-cylinder (D), and a fermenting- 
cylinder (C.) The latter two parts are shown more in detail, 
and with the casing of C removed, in Fig. 12. 

The air-pump is worked by an engine, and the air- 
reservoir filled with air compressed at about one to four 
atmospheres. 

The air-cylinder is sterilised by means of superheated 
steam from the ordinary supply of the brewery, and then 
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filled with sterilised air. This air is supplied under pressure 
from the air-reservoir, and is purified by being filtered through 
cotton-wool contained in a metallic vessel The wort-cylinder 
is then filled with boiling wort from the main supply from the 
copper (j). Cooling is effected by means of a system of tubes 
through which cold water circulates, and the necessary 
amount of air for aeration is allowed to enter through the 
filter ( m ). 

The fermenting-cylinder is sterilised in the same manner 
as the wort-cylinder. It is provided with a filter (g) similar to 
that in the former vessel; a glass-tube through which to 
observe the position of the liquid (/); a suitable exit through 
which the evolved carbonic acid can escape ( c ); a stirring 
apparatus in order to mix the yeast with the liquid ( \b ); and a 
small tube through which the yeast can be introduced and 
also small samples removed (/). The tap (J) for drawing off 
the fermented liquid is specially constructed in such a way 
that the liquid itself provides the means of purification, and 
consequently no contamination from without can take place. 

The wort is transferred from the wort-cylinder to the fer¬ 
menting vessel by means of the tube (&) connecting the two 
vessels. When the level of the wort reaches a certain height, 
namely, just below the opening through which the yeast is 
added, the supply is stopped until the yeast has been intro¬ 
duced, wort is then run in until 48 gallons are present. 

It is only necessary to once introduce the yeast into the 
fermenting cylinder, and a continuous supply of pure yeast 
can then be obtained for a twelvemonth, or even longer, as 
may be desired. 

The fermentation in the cylinder is complete at the end 
of ten days, and the fermented liquor is then drawn off and 
sterilised air allowed to enter through the filter ( g ). When 
the greater part of the fermented liquid is drawn off, the tap 
is shut, and fresh wort is run in from the wort-cylinder ; the 
wort and yeast are well mixed and about 5^ gallons of the 
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mixture run off, this is repeated, and another 5| gallons of 
the second mixture withdrawn. These n gallons contain 
sufficient yeast to barm 176 gallons of wort The fermenting- 
cylinder is again filled up to 48 gallons with sterilised wort, 
and sufficient yeast remains in the vessel to again set up 
fermentatioa 

One fermenting-cylinder thus yields sufficient absolutely 
pure yeast to barm 14 J barrels of wort each month. 

In working this apparatus the two chief points to be kept 
in mind are, that the steaming is sufficient to completely 
sterilise the vessels, and that during the cooling and with¬ 
drawal of the liquid an excess of pressure of sterilised air is 
maintained in the respective cylinders. When these two 
conditions are observed no contamination by the sucking 
back of impure air can take place. 

(£) Advantages Derived from Use of Pure Yeast.* 

The two chief advantages to be obtained by the employ¬ 
ment of pure cultivated yeast are, the constant properties of 
the resulting beer, and the freedom from wild yeast which 
results from the intelligent use of the method. 

Let us first consider the former point. It is, of course, 
self-evident that it is a great advantage for a brewer to be able 
to turn out a beer constant in taste and aroma; and, other 
things being equal, it is possible to do this by employing the 
same race or variety of yeast Experiments have shown that 
an ordinary brewing yeast consists of a mixture of several 
races or varieties of yeasts, all apparently to be classed as 
Sauk, cerevisia , and undistinguishable the one from the other 
by an ordinary microscopic examination, but possessing very 
different properties in practice. A case in point is found in 
the two varieties of yeasts know as Carlsberg Nos. 1 and 2. 

• See alto * Unt much ungen tot der Praxis der Ganukgtindustrie,’ E. C. 
11 Antes, Milnchen, 189a 
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These are two races isolated by Hansen by pure culture from 
ordinary yeast, and resembling each other most closely in 
appearance, but giving very different results in practice; thus 
No. i gives a beer we ll adapted for bottling, and containing less 
carbonic acid than No. 2. The beer has also a lower attenu¬ 
ation, and should remain bright in bottle for at least three 
weeks. This yeast is chiefly employed for home use; in fact, 
in Hansen’s latest memoir we read that by far the larger part 
of the output from the breweries of Old and New Carlsbcrg, 
amounting to some 250,000 barrels, is fermented with this 
yeast, whilst only a very trifling amount is fermented with 
No. 2, which is principally cultivated for export, since it is much 
preferred by German brewers to No. 1; it gives a good draught 
beer, containing more carbonic acid than No. 1. We have 
quoted the foregoing in order to emphasise the necessity of 
each brewer selecting that variety which is most suited for his 
trade, and also to point out the fact that the same variety is not 
suited to all breweries. A yeast cultivated pure by Hansen’s 
method from a brewery yeast will often give a beer differing 
much from that obtained with the original yeast, for, as 
mentioned above, the latter may consist of several varieties, 
each with a distinctive flavour and aroma, &c., and the 
product consists then of the average of all these differences, 
whilst the beer from the pure cultivated variety will have the 
special characteristics of the one race very pronounced. The 
use of the apparatus briefly described above, enables the 
brewer to maintain his yeast pure, and thus obtain constant 
results, since having once introduced the pure culture into the 
apparatus, a fresh supply of the same variety may be obtained 
for an unlimited number of times, and the brewer is therefore 
in a position to throw out his old yeast and introduce a fresh 
supply of the same variety as often as he pleases. Experi¬ 
ence has shown that different varieties of pure cultivated 
yeast differ much in their resistive powers to outside contam¬ 
ination ; thus the Carlsberg yeast No. 1, previously referred 
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to 9 will remain, as a rule, pure for six to eight months, whilst 
the No. 2 yeast, under the same conditions, becomes contami¬ 
nated at the end of only two to four months. The season of 
the year also exercises a considerable influence. 

The second advantage obtained from the use of pure yeast 
is the freedom from “ wild yeast ” which results from the 
method. The diseases which Hansen has more particularly 
pointed out as being associated with the presence of “wild 
yeast ” are yeast-turbidity, yeast-fret, and an unpleasant bitter 
taste; but there are undoubtedly many other irregularities 
which must be ascribed to the presence of foreign yeast-forms; 
for instance, low or excessive attenuations, and unpleasant or 
even offensive odours. As regards excessively low attenua¬ 
tions, when these arc not explained by the chemical compo¬ 
sition of the wort, we are satisfied that the excessive 
attenuation is associated with an abnormal species of yeast, 
and if many cases of offensive flavours and odours were 
thoroughly investigated there can be no doubt that abnormal 
species of yeast would be found to play an important part in 
regard to them. 

The very universal distribution of yeast-forms in the atmo¬ 
sphere during certain seasons of the year is also an important 
factor. We are aware that during the summer and autumn 
months the surface of ripe succulent fruits forms the habitat of 
different species of “ wild yeasts,” and that these arc carried 
into the air and distributed by the action of the wind and other 
agencies. Therefore it docs not surprise us to find that the 
atmosphere of country places where fruit trees abound is rich 
in Saccharomyces forms ; but it does at first sight appear * 
strange that these species of micro-organisms should be found 
in the air of large cities, as has recently been shown to be the 
case by Dr. Percy Frankland, who found various species of 
yeast among the organisms present in the air of London. 
Bearing all these considerations in mind, we must then not 
be surprised at beer and wort taking up wild yeast forms from 
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the air during the various processes they undergo, but more 
especially during cooling and refrigeration. Another fruit¬ 
ful source of contamination is the dust from barley and 
malt Hansen long ago pointed out that this dust con¬ 
tained various wild-yeast forms, and that wort should be 
carefully guarded from any possible contamination of this 
nature. 

Before leaving this subject it may be well to mention 
a fact lately pointed out by Lindner—namely, that there 
often occur on the walls, roofs, &c., of the rooms of a brewery, 
numerous colonies of yeast which, from the conditions under 
which they exist, develop spores very freely, and these may 
be carried into fermented and fermentable liquids with great 
readiness by air currents, by the clothes of workmen, &c. 

The practical application of pure yeast, has, we believe, 
not yet obtained a footing in England. In top-fermentation 
breweries on the Continent and elsewhere it has been employed, 
according to Jorgensen and others, with conspicuous success. 
And quite recently, Van Laer and Kokosinski have described 
its successful application to the top-fermentation breweries of 
Belgium and the North of France ; certain selected varieties 
of pure yeast are there said to have been used with the most 
satisfactory results. In this country, the question was taken 
up by Brown and Morris, who met with many difficulties in 
the application of this system to English brewing. These 
difficulties have not yet been overcome, but experiments are, 
we understand, still in progress in the brewery with which 
these gentlemen are connected. So far as we know, no other 
attempts have been made to adapt Hansen’s system to 
English brewing. Top-fermentation brewing as practised in 
England, differs in so many respects from that in vogue on 
the Continent and elsewhere, that it is impossible, from the 
satisfactory results said to have been obtained with pure 
yeast on the latter systems, to draw any conclusion as to the 
practicability of its application to the English system. This 
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can only be decided by experiment; but should the difficulties 
alluded to above be overcome, there can be no doubt that the 
use of pure yeast would be attended with many advantages 
to the brewer. 


(c) Physiology and Morphology of the Alcoholic 
Ferments. 

The work of Hansen has a scientific as well as a practical 
importance, and in the papers on the physiology and 
morphology of the alco¬ 
holic ferments, he has ad¬ 
vanced our knowledge of 
these organisms to a con¬ 
siderable extent* 

His first work in this 
direction, was that on 'Sac- 
charomyces apiculatus and 
its circulation in Nature.’ 

In this investigation he first 
used the method of pure 
culture, which afterwards 
yielded such important results. This ferment has a very 
characteristic lemon-shaped cell (Fig. 13), and readily 

• ' Recherche* stir la physiologic ct la morphologic ties ferments alcooliques.* 
Par M. Emil Chr. Hansen. R&um <5 du compte rendu du Laboratoire de 
Carlsberg. 

I. 'Sur le Saccharomyces apiculatus et sa circulation dans la nature.* ler 
yoI., 3me livraison. 1881. 

II. ' Les ascospores chez le genre Saccharomyces.* ame voL, 3me livr. 1883. 

III. 'Sur les Torulas de M. Pasteur.* ame vol., 3me lirr. 1883. 

IV. * Maladies provoqules dans la bi&re par des ferments alcooliques.' am* 
vol. 9 ame livr. 1883. 

V. ' Methodes pour obtenir des cultures pures de Saccharomyces et de micro¬ 
organisms analogues.' ame vol. 9 4me livr. 1886. 

VI. ' Les voiles ches le genre Saccharomyces.’ ame vol. 9 4tne livr. 1886. 

VII. 'Action des ferments alcooliques sur les diverses esp&ces de sucre.' 
ame vol., 5me livr. 1888. 


Fig. 13. 
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lends itself to an investigation of the kind made by 
Hansen, who determined its exact cycle in Nature. It 
is found on all ripe succulent fruit, in the yeast of wine, 
and also in the spontaneously fermented Belgian beer. It 
appears to be incapable of fermenting maltose and it 
cannot invert cane-sugar; in dextrose solutions, however, 
it sets up a vigorous fermentation. Hansen's investiga¬ 
tions with this ferment proved the very interesting fact 
that, although it can always be found in a healthy budding 
state on fresh, ripe fruits, yet it is never found on unripe 
fruit, or leaves or twigs, &c., and it is completely absent 
from the plant during winter; experiments conclusively 
showed that the ferment hibernates in the earth under the 
plant, and there remains dormant until the summer, when it 
is carried by the wind and insects into the air and to the 
ripe fruit Recent experiments of Hansen have shown that 
the cells may remain dormant in the earth for several 
seasons. 

This investigation led the way to those experiments in 
which Hansen separated and examined the six species to 
which we have previously referred. These species were 
obtained from different sources, and Hansen has throughout 
all his investigations used them as types of the differences 
which exist among the different varieties or species of 
Saccharomyces. They are briefly described as follows :— 

Saccharomyces cerevisice I.—A vigorous top-yeast; used in 
an impure state in the breweries of London and Edinburgh. 

Saccharomyces Pastorianus I.—A bottom-yeast; obtained 
from the air of a brewery in Copenhagen. This ferment 
causes a bitter, unpleasant taste in beer. It gives cells re¬ 
sembling those figured by Pasteur and Reess (Plate V., 

i> 

Saccharomyces Pastorianus II.—A top-yeast; also found 
in the air of breweries; it resembles the preceding in appear¬ 
ance. It is apparently without action on beer. 
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Saccharomyces Pastorianus III.—A top-yeast; found in 
a beer suffering from yeast-turbidity; it is one of the causes 
of this disease in beer. The cells resemble those of the two 
preceding. 

Saccharomyces ellipsoideus I.—A bottom-yeast; found 
on grapes ; it constitutes the true ferment of wine described 
by Pasteur and Reess (Plate V., fig. 3.) 

Saccharomyces ellipsoideus II.—A bottom-yeast; found 
in beer suffering from yeast-turbidity; it causes this disease 
in beer; the cells resemble those of Sacch. ellipsoideus I. 

The first examination to which Hansen submitted these 
six species was the spore formation, which has been previously 
referred to. We have already mentioned the work of Reess 
and Engel in connection with the formation of endogenous 
spores in the Saccharomyces, and briefly described the 
method and conditions employed for obtaining the spores. 
This must be supplemented by the latest results of Hansen’s 
work, which show that the most necessary conditions for 
this formation arc the employment of young, vigorous cells, 
the presence of free oxygen, and a suitable temperature. 

Hansen commenced his investigation of the ascospore 
formation with the object of ascertaining if the different 
species could be distinguished from each other by the 
appearance of spores after different periods of time at 
different temperatures. For this purpose he determined for 
each species:— 

(1) The limits of temperature—1. the highest and 

lowest temperature within which spores were formed. 

(2) The most favourable temperature for the formation of 
spores— i. e., the temperature at which spores appeared in the 
shortest time. 

(3) The relation between the intermediate temperatures. 
The results of these determinations are stated in the following 
tabic, which gives the more important temperatures at which 
Hansen worked. 
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Ascosporb Formation. 


Tempera¬ 

ture. 

Sacch. 
cercy. I. 
(Hansen). 

Sacch. 
Past. I. 
(Hansen). 

Sacch. 
Post. H. 
(Hansen). 

Sacch. 
Past. III. 
(Hansen). 

Sacch. 
cllip. I. 
(Hansen). 

Sacch. 
cllip. II. 
(Hansen). 

Deg. C. 

37*5 

none 




■ 


36-37 

29 h re. 

•• 



HI 

•• 

35 

25 » 

•• 




none 

335 

23 •• 

.. 


• a 


31 hrs. 

3**5 

.. 

none 


• a 


23 M 

30 

20 his. 

30 hrs. 


a a 

.. 

• • 

29 

.. 

27 M 

none 

none 

23 hrs. 

22 hrs. 

275 

.. 

24 99 

34 hrs. 

35 hrs. 

.. 

• • 

26*5 

.. 

• » 

.. 

30 » 

.. 

.. 

25 

23 hrs. 

• • 

25 hrs. 

28 „ 

21 hrs. 

27 hrs. 

23 

27 .. 

26 hrs. 

27 99 

.. 

• • 

• • 

22 

•. 

. • 

.. 

29 hrs. 

. . 

.. 

18 

50 his. 

35 hrs. 

36 hrs. 

44 » 

33 hrs. 

42 hrs. 

16*5 

65 H 

• • 

• • 

53 »» 

.. 

.. 

15 

.. 

$0 hrs. 

48 hrs. 

.. 

45 hrs. 

.. 

11*12 

10 days 

• • 

77 »» 

.. 

. . 

5-5 days 

10 

.. 

89 hrs. 

.. 

7 days 

4-5 days 

a • 

8*5 

none 

5 days 

• • 

9 » 

• • 

9 days 

7 

• • 

7 11 

7 days 

• • 

II days 

• • 

3*4 

•• 

14 M 

17 M 

none 

none 

none 

0*5 

•• 

none 

none 

•• 

•• 

•• 


It will be seen from the above, that well-marked differences 
occur among the six species; thus, Sacch. cerevisice I. has its 
limits of temperature between io° C. (50° F.) and 37 0 C. (98° F.), 
Sacck. Pastorianus I. between 3 0 C. ( 37 * 4 ° F*) and 30° C. 
(86° F.), whilst Sacch. Pastorianus II. forms ascospores only 
between 3 0 C. ( 37 * 4 ° F-) and 27*5° C. (81*5° F.), and so on. 
Then, too, the time limits vary greatly with the different 
species, at least at the lower temperatures. Thus, at about 
11° C. (52° F.) Sacch. cerevisics I. shows the formation at the 
end of ten days, Sacch. Pastorianus I, at the end of 77 hours, 
and Sacch. eltipsoideus II. at the end of 5*5 days. 
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Plate VII. shows the form which the ascospore formation 
takes in the six species in question. It also gives some idea 
of the appearance of cultures of the six species. 

The differences shown by other yeasts, and especially those 
employed in practice, are in many cases much greater. 
Thus, the pure yeast in use at Carlsberg (No. 1), at 25° C 
(77 0 F.) only develops ascospores at the end of five days, 
whilst the majority of the species given in the above table 
shows the formation after about one day at this temperature. 

Hapsen having proved that certain species of yeast have 
a most injurious action on wort and beer, producing yeast- 
turbidity, unpleasant taste, smell, &c., it is naturally most 
important to know when these " wild ” forms are present to 
any extent in brewery yeast Holm and Poulsen, in two 
papers lately published,* have thoroughly worked this subject 
out, employing the ascospore formation as the means of 
detecting the presence of wild yeast In their first paper 
they used only Carlsberg No. 1 yeast, Sacch. Pastorianus I. 
(the cause of a bitter, unpleasant taste in beer), and Sacch. 
Pastorianus III. and ellipsoideus II. (the causes of yeast- 
turbidity in beer). These yeasts were obtained in pure culture, 
and each of the three last mixed in definite proportions with 
the first; the temperature of 25° C (77° F.) was employed, 
and Holm and Poulson then found that it was possible to 
easily detect the presence of 0*5 per cent of either of the 
" wild ” yeasts in the Carlsberg yeast In their second i>apcr, 
they approached the question on a broader basis, and sub¬ 
mitted a large number—twenty in all—of pure cultivated 
varieties of yeast collected from different parts of the Conti¬ 
nent to this method. The same wild yeasts were employed 
for contamination as in the first paper. It was found that 
the yeasts examined divide themselves into two groups, one 
of which can be examined at 25° C. (77° F.), after forty 

* 1 R^tiW da Compte-renda da Labontone de Carlsberg.’ ante voL, 4me 
1 JTraitors, 1886. Ibid., lose voL, Jose livraiaoo, 1886. 
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hours, and the other at 15 0 C. (6o° F.) after seventy-two 
hours; it was found that the pure beer-yeasts of the two 
groups did not show any formation of ascospores, until some 
days after the respective times at which 1 or even O’S per 
cent of either of the disease-yeasts could be easily detected. 

These later experiments, then, indicate that a means of 
checking the purity of English brewery-yeast exists, since, 
when the most suitable sporulating temperature for the par¬ 
ticular yeast is ascertained it would be an easy matter to 
detect the presence of wild yeast There can be no doubt 
that the three species named by Hansen, Sacch. Pastorianus 
I., Sacch. Pastorianus III., and Sacch. ellipsoideus II. (with 
probably some other species), are as prevalent in English as 
in foreign brewery-yeasts. 

We have seen that the formation of ascospores enables us 
to detect 1 per cent or even 0*5 per cent, of disease-yeast 
in a brewery-yeast, and when we remember that Hansen 
proved, by careful synthetical experiments, that these forms 
might be present to the extent of 2 • 5 per cent of the total 
yeast, without bringing on a development of their particular 
form of disease, it is apparent that a systematic use of the 
method would prevent any trouble arising from this source. 

Another point of difference between normal and disease- 
yeasts which Hansen claims to have established, is the film 
formation. It has long been known that fermented liquids 
form films or pellicles on their surface. Reess first drew 
attention to the occurrence of these films among the Saccha- 
romycetes; later Pasteur dealt with the question, and in 
his * Etudes sur la bi&re,’ considerable space is devoted to 
what is termed the aerobian yeast Hansen appears to think 
that the films described by himself are not identical with 
Pasteur's aerobian yeast; this point is, however, doubtful, 
and we are inclined to consider the two growths to be identical, 
although the explanations given by the respective authors are 
different It seems probable that Pasteur was dealing with 
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the same phenomenon, but that he did not recognise it to be a 
stage in the development of the Saccharomyces. 

Hansen found that the formation of films by pure cultures 
was very common among all classes of micro-organisms; 
bacteria as well as moulds and yeasts being capable of giving 
the formation. Careful experiments, carried out on exactly 
the same lines as the preceding experiments on the ascospores, 
gave results showing great differences in this respect among 
the six species of yeast mentioned above. These differences 
occur not only in the limits of temperature between which the 
formation takes place, but also in the rapidity with which the 
film first makes its appearance at the different temperatures. 
It was found that the most favourable conditions for the 
formation of the films are complete quiet and a plentiful 
supply of free oxygen. For this reason, a little of a pure 
culture of the respective species was seeded into flasks only 
half-filled with sterile wort and covered with sterilised filter- 
paper. The flasks were then placed at the required tem¬ 
perature, and allowed to remain absolutely quiet and 
undisturbed for the required time. The differences found in 
this way arc shown in the following table :— 


Film Formation. 


Tempera¬ 

ture. 

Sacch. 
carer. I. 
(Hansen). 

Sacch. 
Past. 1. 
(Hansen). 

Saech. 

rut. 11. 
(Hansen). 

Sacch. 
Put ill. 
(Hansen). 

Sacch. 
ellip. I. 
(Hansen). 

Sacch. 
ellip. II. 
(Hansen). 

Deg. C 

AP 






None 

36-38 

None 

.. 

.. 

• • 

None 

8-12 days 

33-34 

9-18 days 

None 

None 

None 

8-12 days 

3-4 *> 

26-38 

7 "«* M 

7-10 days 

7-10 days 

7-10 days 

9-16 M 

4-5 » 

20-22 

7-io „ 

8-15 M 

8-15 »» 

9 -ia „ 

10-17 »» 

4-6 „ 

13 -*$ 

* 5-30 •> 

15-30 „ 

10-25 

10-20 „ 

> 5-30 „ 

8-10 „ 

6-7 

2-3 months 

1-2 months 

1-2 months 

1-2 months 

2-3 months 

1-2 months 

3-5 

None 

5-6 ft 

5-6 M 

5-6 >• 

None 

5“6 »• 

2-3 

•• 

None 

None 

None 

•• 

None 









344 ^ Text-Book of the Science of Brewing. 

In addition to the variations in temperature and time 
given in the above table, the different species show a marked 
difference in the appearance of the cells of the film at the 
various stages, and in this way we are aided in distinguishing 
the species one from another. The most important variations 
in this respect are'seen at 13-15° C. (55-59° F.), at which tem¬ 
perature the six species exhibit well-marked characteristics. 
It is especially to be noted that Sacch. Pastorianus II., and 
Sacch. Pastorianus III., which cannot be distinguished from 
each other when growing in the ordinary way, present note¬ 
worthy differences in film-formations at this temperature; 
the same remark applies to Sacch. ellipsoideus I. and Sacch. 
ellipsoideus II. Sacch. cerevisice I., Sacch. Pastorianus II., and 
Sacch. ellipsoideus II., show, at 13-15° C. (55—59 0 F.), only 
round or oval cells, whilst the other three species, Sacch. 
Pastorianus I. and III., and Sacch. ellipsoideus I. show branched, 
mycelium-like colonies. In the other films and at the higher 
temperatures the variations are not so marked, the films 
consisting, as a rule, of very large mycelium-like cells in 
ramified colonies. 

Plate VI. illustrates the appearance of the cells of the 
film-formation in Sacch. cerevisice I.; 1 at 6-15° C.; 2 at 
20-34° C.; and 3 in old cultures of the film. 

In the course of his researches Hansen found that budding 
and fermentation can take place at temperatures above 
that at which films will form. He also confirmed Schmitz 1 
observation of the occurrence of cell-nuclei among the 
Saccharomyces. 

Hansen’s recent work on the action of the alcoholic fer¬ 
ments on the different kinds of sugar deals with the action 
of about forty yeasts, including two new species, Sacch. 
Marxianus and Sacch. membrancefaciens , on four varieties of 
sugar—viz., cane-sugar, maltose, lactose, and dextrose. The 
majority of these yeasts invert cane-sugar, and ferment mal¬ 
tose and dextrose, but not lactose. Sacch. membrancefaciens 
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alone is not able to ferment either of the sugars employed, and 
it docs not secrete invertase ; it is, however, distinguished by 
the extreme ease with which asco spores_are (jailBfidj it also 
liquefies gelatin. Sacch. Marxtanus and Saccn. extguus are 
also not able to ferment maltose. Among the other species 
employed the most noteworthy result was obtained with 
Monilia Candida (p. 376), which is able to directly ferment 
cane-sugar. 

Several interesting facts in connection with the products 
of fermentation have been obtained by means of Hansen's 
pure culture methods. 

Thus Ordonneau published in 1886 * some very interesting 
experiments on the chemical action of different species of 
yeast He found by distilling a large quantity of genuine 
Cognac that one hectolitre of spirit contained 218*6 grams of 
normal butylic alcohol, in addition to smaller amounts of other 
alcohols; but when he submitted a spirit obtained from 
potatoes, beet-root, maize, &c., to the same treatment, he 
found the chief constituent to be isobutylic alcohol, and it is to 
this alcohol that the disagreeable odour of potato, &t, spirit 
is due. Further experiments established the fact that the 
formation of isobutylic alcohol is due to the use of ordinary 
brewer's yeast When a potato mash was fermented with pure 
Sacch. ellipsoideus, the true wine yeast, normal butylic alcohol, 
was formed as in the spirit from the grape. This result is 
especially important with reference to the recent discussion 
regarding the presence of fusel oil (isobutylic alcohol) in 
beer. 

The recent analyses of Carlsberg pure yeast beer by 
Borgmann t are also worthy of mention. The beer employed 
for these analyses was the ordinary bottom fermentation 
beer fermented partly with No. 1 yeast and partly with 
No. 2 yeast It was stored for some months, as usual, 

• Compt. rendu, cii. p. 217. 

t Zcitsch. f. Anal Chortle, xxv. p. 531. 
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and bottled. Several analyses of each beer gave the following 
mean results:— 

«tiP* 1 yeast. No. a yeast 


Alcohol. 

.. 4*13 grains 

.. 4*23 grams 

Extract . 

•• 535 

•• 

.. 5*4 

it 

Ash. 

.. 0*20 

n 

.. 0*23 

it 

Free add (as lactic).. 

.. 0*086 

it 

•• 0144 

•• 

Glycerine. 

.. 0*109 

11 

.. 0137 

•• 

Phosphoric acid .. 

.. 0*0775 

•1 

.. 0*0828 

11 

Nitrogen. 

.. 0*0710 

ti 

• • 0*0719 

11 


It will be seen from these numbers that the yeast exercises 
some influence on the composition of the resulting beer. The 
proportion of alcohol to glycerine in these beers is also very 
different from that found by the author in a large number 
of beers fermented with ordinary yeast In the former case 
the ratio is— 

No. i yeast No. a yeast 

Alcohol ioa Glycerine 2*63. Alcohol 10a Glycerine 3'24. 

And in the latter the proportion varied between a maximum 
of, alcohol 100, glycerine 5*497, and a minimum of, alcohol 
100, glycerine 4* 140. 

These experiments open up a most interesting field of 
work, and show us the important part which the yeast plays 
in determining the nature of the resulting product 

These results have been confirmed and amplified by 
Amthor,* who examined the beers produced from eight 
different pure yeasts. The alcohol-glycerine proportion was 
low in all the beers, in one case it was as low as 100 : 1 *65. 
The percentage of alcohol also varied considerably. 

Quite recently Gronlundf has published a paper which 
confirms Hansen’s work in a remarkable degree. He had 
to investigate the case of a beer which possessed a most 

• Zeitschr. f. physiologische Chemie, xii., p. 64. 

t Zcitschr. C cL gesommte Brauwesen, 1887, p. 469. 
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unpleasant odour and bitter taste, and by means of careful 
analytical and synthetical experiments he proved conclusively 
that the cause of this was the presence of a particular yeast 
form. This yeast he was able to identify with Hansen's 
Sacck. Pastorianus I., which, it will be remembered, is said by 
this observer to bring about this disease in beer. 

II. The Schizomycetes, or Bacteria. 

No yeast or beer is entirely free from Schizomycetes, or 
bacteria, for, as we have explained, they, with the wild 
yeasts, are abundantly prevalent in the air, and have thus 
every opportunity of affecting the wort, especially during 
cooling and refrigeration. The plant itself is never entirely 
free from them, and wood-plant especially requires the utmost 
care, if we wish to keep down the organisms which would 
otherwise breed most plentifully in its pores. Unclean 
mains, pipes, pumps, &c., are also a very frequent source of 
contamination. The yeast itself introduces them, being 
seldom free from bacteria. The yeast and the bacteria are, 
in a way, antagonistic, for a vigorous yeast checks their 
development, and a poor one encourages it, so that under 
normal conditions their presence in a yeast, when not ex¬ 
cessive, is not necessarily productive of the harm which might 
at the first glance be supposed to be the case. 

The Schizomycetes, or bacteria, are unicellular plants which 
occur in round, cylindrical, rod, or spindle-shaped forms, or 
united in threads and masses. The individual cells are always 
very small, the transverse diameter ranging from 0*0002 mm. 
(3p) in the round forms, to o*oooi mm. and even less, in the 
rod-Hke cells. The cell-contents consists of a protoplasmic 
substance, which in the different species shows different 
reactions with staining solutions, and thus serves as an 
aid to the differentiation of the species. Some bacteria 
contain a starch-like substance, coloured blue by iodine, in 
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their cell-contents; others, Beggiatoa, for instance, contain 
granules of pure sulphur ; and many exhibit well-defined 
colours when seen in quantity. These colours, which may 
be yellow, red, green, violet, blue, brown, &c., depending 
on the species, are due to colouring matters either in the 
cell-contents or in the cell-membrane. 

The cells are surrounded by a membrane or cell-wall, 
which, according to De Bary, may be regarded as the inner¬ 
most and comparatively firm layer of a gelatinous envelope 
surrounding the protoplasmic body. The possession of this 
gelatinous membrane is common to bacteria and some other 
of the lower organisms; examination of several forms of 
bacteria has shown this membrane to consist of a carbo¬ 
hydrate closely related to cellulose. With certain species 
and under certain conditions the gelatinous membrane is 
developed to a very large extent, and we then find countless 
numbers of cells enclosed in a gelatinous network. Such a 
gelatinous colony is termed a zooglcea; it often precedes the 
formation of spores. 

In liquids, many bacteria show a peculiar rotatory or oscil¬ 
lating movement This movement has been usually attributed 
to the presence of cilia or flagella at the extremities of the 
bacteria. These appendages have actually been found in 
certain species of rod bacteria, and have been considered to 
be analagous to the cilia of the cells and spores of many 
Algae. These latter, however, arc extensions from the surface 
of the protoplasmic body, and when the protoplasm is sur¬ 
rounded by a membrane, pass through openings in that 
membrane. In the case of bacteria the fcilia are thread-like 
extensions of the cell-membrane, as has been shown by their 
behaviour with reagents, and therefore they have nothing in 
common with the cilia of the swarm-spores of the Algae. 

The multiplication of bacterium-cells takes place in two 
ways. The usual way is the vegetative multiplication by 
successive cell-division. At a certain stage in the life of a 



Fermentation. 


349 


cell, a fine transverse line makes its appearance, and divides 
the cell into two equal parts. The line then swells, and the 
cell becomes divided into two daughter cells. The newly 
formed cells may either become detached or remain combined 
and form threads. The successive divisions may take place 
either all in the same direction or in two or three directions 
in space, when colonics arc formed in the form of plates or 
cubes ( Sarcina ). • 

The second method of multiplication is by the formation 
of spores, which appear to resemble, morphologically and 
physiologically, the “ resting spores ” of Algse and Fungi. 
They take their rise in the interior of the cell, in the form 
of a small spherule, which gradually becomes larger whilst 
the protoplasm disappears little by little. After a. time the 
highly refractive, dark-coloured spore occupies nearly the 
whole of the interior of the mother-cell, the membrane of 
which is then either dissolved or ruptured, and the spore 
escapes; it can then multiply by cell-division. The condi¬ 
tions under which spore formation takes place among the 
bacteria are not definitely known, but it appears to occur 
when the substratum has, for any reason, become unsuited 
for the nutrition of the organism. Spores of bacteria are 
much more resistive to adverse influences than are the bac¬ 
terium-cells themselves. Tyndall, amongst others, showed 
that a temperature which destroys the fully-developed cells 
is without action on the spores of the same species; the latter 
may even survive boiling for some minutes. It is for this 
reason that it is necessary to repeat 4t intervals of some 
hours the boiling of nutritive solutions in order to completely 
sterilise them. The same remark as to resistibility also 
applies to the action of antiseptics; solutions, for instance, 
of corrosive sublimate which kill adult organisms arc with¬ 
out action on spores. Spores, too, may remain for months, 
and even years, in a state of quiescence before they germi¬ 
nate, and in this respect they show their analogy to the 
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“ resting-spores " mentioned above. When germination does 
take place, the spore loses its refractive power and swells 
slightly, the containing-wall then bursts, and the new or¬ 
ganism emerges from the interior. 

We have already briefly touched on the zooglcea forma¬ 
tion, produced by the grouping together of a vast number 
of bacterium-cells due to the extension of the gelatinous 
substance of the cell-wall. These zooglcea vary much in 
appearance and character, depending on the species, but 
occur to a greater or less extent with nearly every species. 
In some species the zooglcea forms thick, almost solid gela¬ 
tinous masses ; a good instance of this is the so-called frog- 
spawn bacterium, Leuconostoc mesenterioides , which occurs in 
sugar factories, and may All entire vats of sugar solution with 
a substance resembling frogs' spawn. Other species only form 
loose, flocculent colonies of cells, without any sharp limiting 
surface. Such zooglcea are usually termed swarms. 

The question of species in the Schizomycetes has been the 
subject of much discussion among bacteriologists, and various 
endeavours have been made to group these organisms in good 
characteristic species, and thus render their study more easy. 
Cohn takes morphological differences as the ground of his 
classification, and groups the bacteria according as they form 
single spheres, short rods, long rods, or spirals. He divides 
them as follows:— 

Tribe I. Sphcerobacteria, Spheres.Genas I. Micrococcus, 

„ IL Microbacteria, Short rods.. 2. Bacterium, 

„ III. Desmobacteria, Threads. „ 3. Bacillus, 

„ 4. Vibrio, 

„TV. Spirobacteria, Spirals.. 5. Spirillum, 

,, 6. Spirochseta, 

and each genus contains a great many species. But it is found 
that many bacteria are pleomorphic; that is, they alter the 
form of their cells during the different stages of development, 
and therefore classification by form alone is more or less 
unreliable. Since morphological distinctions between the 
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species cannot be relied upon, we have to fall back upon 
physiological distinctions, and we may employ differences 
in chemical action for defining the species. Bacteria excite 
peculiar and distinct chemical changes in the substrata in 
which they are cultivated. These chemical changes may be 
divided into three classes, and it is possible, therefore, to dis¬ 
tinguish between— 

(1) Chromogenic species—that is, those forming and 
secreting colouring matter. 

(2) Zymogenic species, those exciting the various fer¬ 
mentations. 

(3) Pathogenic species, those producing diseases in man 
and animals. 

Naegeli and other observers contend that only a few 
species of bacteria exist, and that all bacteria without 
reference to their form or mode of development should be 
combined together in a single genus or in very few genera. 
The physiological and morphological differences observed 
arc ascribed solely to different conditions of nutriment and 
temperature. De Bary contends that this theory is a wrong 
one. He defines species “to mean the sum total of the 
separate individuals and generations which, during the time 
afforded for observation, exhibit the same periodically re¬ 
peated course of development within certain empirically 
determined limits of variation. We judge of the course of 
development by the forms which make their appearance in 
it one after another. These are the marks by which we 
recognise and distinguish species.” To effect this determina¬ 
tion we must use the methods which have lately come to the 
front Pure cultures of the organism must be followed with 
precision under the microscope, by means of moist chambers 
with a suitable substratum. 

De Bary and Hcuppe divide the bacteria into two large 
groups—namely :— 

(1) Bacteria which form endogenous spores. 
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(2) Bacteria which form arthrospores, including those 
bacteria whose fructification is unknown. 

Zopf classes the bacteria into four groups—Coccace®, 
Bacteriaceae, Leptotriche®, and Cladotriche®. This classi¬ 
fication is based not only on the form of the cells, but also 
on the mode of growth and connection between the forms, 
and fully recognises the pleomorphism which exists among 
the organisms. 

For the purpose of the brewer these rival schemes of 
classification are of little value; it is here only important to 
know what changes are produced in beer-wort and beer by 
certain definite pure-cultivated species under certain conditions, 
and what morphological changes the organisms themselves 
undergo during the different stages of growth. 

The conditions of existence of the bacteria vary greatly ; 
the nutritive material, the presence or absence of oxygen, 
the temperature, the acidity or alkalinity of the material and 
so forth, all exercise a varying influence on the different 
species of bacteria, and we shall consider these factors as we 
examine those species of especial interest to brewers.* 


(a) Bacillus subtilis. 

Bacillus subtilis, as the name implies, is an organism 
shaped like a thin rod (Plate VIII., fig. 5). Bacillus subtilis 
is also known as the hay bacillus, on account of the pre¬ 
valence of this organism on hay, but any organic infusion 
containing nitrogenous and mineral matters, when exposed 

• The following works may be consulted for more detailed information on the 
points touched upon above 

* Lectures on Bacteria.* By A. de Bary. Translated by Garnsey and Balfour. 
Clarendon Press. 

4 Manual of Bacteriology.* By E. M. Crookshank. 

4 The Bacteria and Yeast Fungi.* By W. B. Grove. 

4 Die Spaltpilze,' By W. Zopf. 
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to the atmosphere, is speedily infected by it The ferment 
is also known as Vibrio subtilis (Ehrenberg). 

This bacillus, as we generally see it, is in the form of 
thin rods, sometimes rigid, sometimes sinuous. The length 
ranges from 2-6 p, the width about 2 ^ Cohn says that, 
at 21 0 C. (70° F.) division into two takes one hour and a 
quarter, at 35° C. (95 0 F.), only twenty minutes. It will thus 
be seen how important is temperature in its effect on the 
reproduction of this organism—both during fermentation and 
in the storage of beer and yeast 

Bacillus subtilis readily forms spores, which are remarkably 
tenacious of existence; but boiling for thirty minutes is sufficient 
to kill them. The vegetative rods are killed by merely raising 
the liquid containing them to the boiling temperature. The 
vegetative rods are provided with flagella or cilia, which 
cause their active movement 

We know of no work which connects B . subtilis with the 
formation of any predominant specific chemical compound. It 
is an agent of putrefaction, rendering nauseous any fluid in 
which it develops, evolving sulphuretted hydrogen and 
other volatile sulphur and phosphorus substances, and 
splitting up the nitrogenous matters into simpler nitrogen- 
containing substances, and the carbonaceous matter partly into 
organic acids of widely different kinds. We do not think 
.that it can be regarded as in any way distinctly leading to the 
formation of the acids which occur in beer, when certain 
organisms are allowed to develop. 

Bacillus subtilis is one of the species of bacteria said to 
possess a peptonising influence upon proteid substances. 
According to various investigators, certain albuminoids are, 
under the influence of this and other species, broken down 
into peptones, and then into simpler products of decomposition, 
among which lcucin, tyrosin, and ultimately ammonia, have 
been found. Among the species which we have reason to re¬ 
gard as of interest to brewers, this action is possessed by 

2 A 
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Bacillus subtilis , Bacillus amylobacter , and Bacterium termo 
It is well shown, when these species are cultivated in nutritive 
gelatin, the gelatin immediately surrounding the colonies 
becomes liquefied, due to the formation of simpler decompo¬ 
sition products in the manner described above. These 
organisms commonly occur in contaminated waters, and no 
doubt, by their action, render the putrescible matter more 
assimilable for the later growths of micro-organisms. 


(b) The Butyric Acid Ferment . 

Similar morphologically to Bacillus subtilis is Bacillus 
amylobacter , also known as Clostridium bntyricum , or Vibrio 
butyricus (Plate VIII., fig. 6). It is distinguished from B. 
subtilis by containing starch in its cells, easily recognisable 
by injecting a solution of iodine, when the starch is stained 
blue. This ferment is the Vibrio butyricus of Pasteur, shortly 
known as Vibrio , or butyric ferment; the last term is open 
to the objection of implying that it alone produces butyric 
acid, which is certainly not the case. This ferment is mor¬ 
phologically identical with B. subtilis . B. amylobacter is, as 
shown by Pasteur, capable of development without air. It 
forms butyric acid in solutions of starch, dextrin and sugar. 
In brewing, it is frequently met with both in yeasts and 
beers. It is abundant in the air, and would therefore infect 
the wort on the coolers, but we have generally found it to be 
connected with dirty plant, whether this be the wood, or the 
pipes and mains and pumps. To the latter, air would have 
but little access, so that this organism, which can exist 
without air, might develop in places where other organisms 
would not survive. The presence of this organism in yeast 
and beer should direct immediate attention to the state of 
the plant. 

It is plentifully abundant on the exterior of barley, and 
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freely grows on the germinating malt In bruised corns 
attacked by mould, there is sometimes a putrid flavour, 
probably due to the products of this ferment We know that 
it attacks starch readily, and even cellulose is not proof against 
it It is an interesting fact that this ferment is abundant in 
the stomach and intestines of herbivorous animals, and assists 
in the digestion of the cellulose-containing food of these 
animals. 


(c) Bacterium termo. 

Bacterium termo is a common ferment (Plate VIII., fig. 4). 
It is not associated with the production of any predominant 
chemical compound, but is abundant in the air, and promotes 
general decay. It is largely present in brewing waters polluted 
by sewage, and in common with other species is found on the 
exterior of barley and hops. Bacterium termo being provided 
with a flagellum or whip, is capable of movement, but this 
power of movement is lost when free oxygen is absent 

This species, which recent work has shown to be a very 
indefinite one, has always been associated with putrefactive 
changes, and has been regarded as one of the chief agents in 
the peptonisation of albuminoids. It readily liquefies gelatin 
when grown in this medium. 

Caution is necessary lest the presence of bacteria and 
other minute ferments in yeast, beer, &c., be too hastily 
assumed. The caution is the less necessary in the case of the 
organisms we have considered, since their configuration in the 
true bacillus form is distinctive. But minute fragments of 
amorphous matter under the microscope are frequently 
mistaken for Bacteria, Sarcinx, Micrococci, &c. In the 
minute form in which the amorphous matter (from the hops, 
&c) exists, it possesses a certain tremulous movement known 
as the Brownian movement; a movement likely to be mis- 
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construed into life, and the amorphous substances are thus fre¬ 
quently regarded as bacteria. In all cases, therefore, it is well 
to treat the deposit with potash or ammonia solution. This 
dissolves the amorphous matter, but does not affect the 
bacteria. 


(d) The Lactic Acid Ferments . 

In the case of the ferments we have hitherto considered, wc 
have had to deal with tolerably well-defined organisms, whose 
life-history and fermentative action has been experimentally 
determined, but when we come to the micro-organisms produc¬ 
ing lactic acid as one of the products of their action, we find the 
question of the number of the species, the nature of the action, 
and many other points involved in the greatest obscurity. 

Pasteur, in his 1 Etudes sur la bifirc/ describes the ferments 
which produce lactic acid in wort and beer as being short 
bacteria, small, thin, and slightly contracted in the middle, 
forming dumb-bell shaped organisms which are generally 
detached, but sometimes occur in short chains. Their length 
is given as about 2 /a, and they arc shown in Plate IX., fig. 2. 
Pasteur was the first to show that, in the old method of bringing 
about lactic acid fermentation in different kinds of sugar, a 
particular organism, or perhaps more than one, was the exciting 
agent This method consisted in adding sour milk or cheese to 
the sugar solution, and keeping it exposed to the air at a tem¬ 
perature of 40-50° C. (104-122° F.). Calcium carbonate or 
zinc oxide was added from time to time to neutralise the acid 
formed, because when a certain amount of acid is formed, the 
fermentative action and growth of the organism is stopped. 
That this was the true reason for the addition of the carbonate 
was not, of course, known until Pasteur had proved that an 
organism was introduced with the sour milk, and that it 
multiplied in the liquid and acted as a ferment. It appears 
in the form of small cylindrical cells, which multiply by 
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division, and at once separate from each other; immediately 
after division they are barely half as long again as they are 
broad, and average O’ 5 in thickness. It is only very rarely 
that the cells remain united, and form short chains. This 
species somewhat resembles Bacterium aceti, and was named 
Micrococcus lacticus by Van Tieghem. Later this organism 
was examined by Hucppc, who claimed to have noted the 
formation of endogenous spores, and, consequently, if this is 
correct, it must be transferred to the bacillus division (the 
members of which, it will be remembered, are characterised 
by the formation of endogenous spores); Hueppe named it 
Bacillus acidi lacticu 

The lactic acid fermentation, which has as its chief product 
lactic acid, can be represented by the equation— 


C«H, t O, ° s (C.H.O.). 

Dextrate. Lactic acid. 

whereby one molecule of carbohydrate splits up into two 
molecules of lactic acid. It is of very common occurrence; 
the most familiar example is the souring of milk, attended by 
the coagulation of the casein and the formation of butter-milk. 
The cause of this is the formation of lactic acid from the 
sugar of the milk, by the air-sown ferment, in sufficient 
quantity to bring about the coagulation. Another familiar 
instance is the production of " sauerkraut,” the acid of which 
is mainly lactic acid. In the lactic acid fermentation the 
reaction does not take place absolutely in accordance with 
the above equation, since there arc formed, in varying 
quantities, a number of other products—namely, alcohol, 
butyric acid, carbonic acid, mannitc, and other insufficiently 
investigated substances. It was formerly supposed that 
oxygen was not necessary for the lactic acid fermentation, and 
in fact, that it retarded the fermentation, but it has now been 
shown that oxygen is requisite for the continued action of the 
ferment, and that it certainly docs not retard the action. 
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The bacillus or micrococcus, described above, is the most 
widely distributed lactic ferment, but it is by no means the 
only organism which produces lactic acid. Hueppe alone 
mentions five species, and others have been described by 
Lindner and other workers. The five species described by 
Hueppe are all micrococci. One of these is the celebrated 
red Micrococcus prodigiosus ; the appearance of which in 
various places gave rise to many superstitions in the past 
Two others were found by Hueppe to be the exciting cause 
of the lactic acid which occurs in the mouth. 

The only work on the lactic acid fermentation of any 
importance to brewing, and published during the last few 
years, has emanated from the Berlin Brewing School. 
Dclbrilck and Hayduck have both carried out a series of 
experiments on this fermentation, in which they show that 
the most favourable temperature for the action is 40° C. (122 0 
F.). In order to obtain a growth of the ferment free from 
other organisms, Delbriick states that it suffices to take air- 
dried malt, and, after grinding, to mash it for half-an-hour at 
6o° C. (140° F.), and then allow the filtered liquid to stand at 
40° C. (122 0 F.). The lactic acid ferment, which is almost 
invariably contained on the exterior of malt, will, under these 
circumstances, start an active fermentation in a few hours, and 
produce a considerable quantity of lactic acid. It is the custom 
in the German distilleries and pressed-ycast factories to add a 
small quantity of sulphuric acid to the mash for the double 
purpose of checking the development of bacteria and degrading 
the nitrogenous constituents of the mash in order to render them 
assimilable by the yeast. Hayduck determined the amount 
of sulphuric acid necessary to check the lactic ferment, and 
found that the addition of O' 04 per cent was sufficient to 
completely stop the lactic fermentation, and it was previously 
known that 0*05 per cent was the maximum allowable limit, 
in order that the growth and fermentative power of the yeast 
might not be influenced. Lactic acid itself has a marked de- 
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tcrrcnt effect on the development of the lactic acid bacterium ; 
thus Hayduck found that the addition of o* 15 per cent of acid 
to a mash was sufficient to prevent any lactic fermentation 
taking place, although, when the fermentation has once started, 
it will continue until ten times as much acid as this is formed. 
This is accounted for by the fact that the presence of the 
acid in the first instance checks not only the fermentative 
power of the bacterium, but also its multiplication, and the 
small number of organisms present are not able to produce 
any determinable amount of lactic acid. 

As a result of the above and similar experiments, it is now 
recommended that lactic acid be added to the mash instead 
of sulphuric acid as formerly, since in addition to its power of 
keeping down the growth of bacteria, it possesses, in a much 
higher degree than sulphuric acid, the power of converting 
the albuminoids in the mash into substances which serve as 
food-stuff for the yeast 

Alcohol has a very marked influence on the lactic acid 
fermentation. Under the conditions mentioned above, Hay- 
duck found that 4 per cent of alcohol exercised a very con¬ 
siderable retarding action, whilst 6 per cent completely stopped 
the fermentation. This observation, which, of course, only 
applies to the species Hayduck was working with, seems to 
point to but slight danger existing of beer being attacked 
by the lactic acid ferment during the secondary fermentation 
or during storage, os there is usually sufficient alcohol present 
to prevent the growth of the organism. But we know that in 
some cases a considerable increase of acidity, due to fixed 
acid, takes place in beer on storage, and this acid we are 
accustomed to regard as lactic acid. We are therefore forced 
to the conclusion that the organism producing this acid in 
beer is a different species to that experimented with by 
Hayduck. 

Direct experiments on the beer organism are still wanting, 
although Lindner has examined a number of the so-called 
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sarcina-forms from beer, and found them all more or less 
capable of producing lactic acid. One, indeed, appeared to be 
so powerful a ferment that he named it Pediococcus acidi lactici 
(Plate IX., fig. 1), and considered it to be identical with the 
spherical bacterium observed by Hayduck and Delbriick. It 
closely resembles in appearance the Pediococcus cerevisice to be 
described later but differs from it in many important particulars. 
It occurs in diplococci and tetrads , but only in two-dimensional 
growth; the diameter of the single cells is 0’6-ro /a. 
Pediococcus acidi lactici forms a vigorous growth in malt-extract 
in twenty hours, and the liquid has a strong acid reaction. 
The same result was obtained when the organism was grown 
in hay infusion. On examination it was found that the acid 
consisted entirely of lactic acid. The most favourable tem¬ 
perature for its growth appeared to be about 40° C. (104° F.). 
The cells arc completely killed at a temperature of 62° C. 
x (144 0 F.). It occurs on malt, and, although the organism can 
grow in the presence of air, yet it appears to develop more 
freely in the absence of oxygen. 

One very remarkable point in connection with this ferment 
is that—as was the case with Pediococcus cerevisice— it was found 
impossible to inoculate it into sterilised hopped wort or hopped 
wort-gelatin. 


(e) The Acetic Acid Ferments . 

The acetic fermentation is, perhaps, one of the commonest 
of the fermentations which are brought about by the action 
of bacteria, and certainly the organisms which are the cause of 
the production of acetic acid have been more completely 
studied, and their life-history more thoroughly determined, 
than other micro-organisms of the same class. It is now 
well established that there are at least three species of bac¬ 
teria which are capable of exciting acetic fermentation ; these 
have been exhaustively examined by Cohn and Hansen from 
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a physiological and morphological standpoint, and by Pasteur 
and A. J. Brown from the chemical side. 

The connection between the formation of acetic acid in an 
alcoholic fluid and a specific organism, was first established by 
Pasteur in 1864, when he published his 'Mlmoire sur la fer¬ 
mentation acltique.’ In this memoir he shows that the 
change which an alcoholic liquor undergoes when it stands 
exposed to the air at a moderate temperature, whereby it 
gradually assumes a characteristic acid smell and taste and 
the alcohol slowly disappears, is due to the intervention of the 
acetic acid ferment, Mycoderma aceti —or, as it is now more 
usually called, Bacterium aceti —which forms a film on the 
surface of the liquid and slowly brings about an oxidation 
of the alcohol by the oxygen of the air, according to the 
following equation:— 

C.H.OH + O, = CH.COOH + OH, 
alcohol. oxygen. acetic add. water. 

130 parts of acetic acid are thus formed from 100 parts of 
alcohol. He also shows that if the fermentation is allowed to 
proceed after the whole of the alcohol has been converted into 
acetic acid, the organism then brings about an oxidation of the 
latter substance, resolving it into a mixture of carbonic acid and 
water. Under certain conditions, whereby the action of the 
ferment is enfeebled, Pasteur shows that aldehyde is formed in 
the liquid. 

Pasteur recognised only one species of organism as exciting 
this fermentation, but, as stated above, it has since been shown 
that at least three species possess this power. The discovery 
of this fact is due to the employment of the methods of pure 
culture which are now universally practised. 

Hansen* was the first to examine the acetic acid ferments 
by the methods of pure culture; he obtained the organisms from 
a film growing on beer at a temperature of 30-34° C. (86-93° F). 

* • R&oml dii compte rendu da Laboratoire dc Carlthcrg, l. (1879), p. 96. 
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and on examination found that they belonged to two species/ 
both of which produced the same action in the liquid—that 
is, caused the formation of acetic acid, whilst they were 
distinguished from each other by their behaviour with iodine 
solution. One, which Hansen called My coderma acetic is 
coloured yellow by iodine; the other, named Mycodemta 
Pasteurianum by Hansen, is coloured blue by the same 
reagent Morphologically, the cells of the two species cannot 
be distinguished one from another (Plate VIII., fig. 3.) The 
morphology of these two species cannot be better described 
than in the words of A. J. Brown:* "Bacterium aceti (and 
Bact. Pasteurianum ), in its normal state, freshly growing as a 
pellicle on a surface of a liquid, appears under the microscope 
as a mass of cells 2 p in length, and slightly contracted in 
the middle, giving them a sort of figure of 8 appearance. 
These cells are united into chains of variable length, which 
are easily broken up by pressure of the cover-glass. Fre¬ 
quently the cells are quite divided in the middle, thus 
producing strings of micrococcus-like forms ; both forms being 
sometimes found in the same chain. The above two forms 
are those usually present when the ferment is growing vigor¬ 
ously at the surface of a liquid. But in the liquid below the 
surface-film, and on the bottom of the containing vessel, 
abnormal forms are often found differing very much from the 
ordinary surface growth; this is more especially the case in 
old cultivations. These forms often attain the length of 10- 
15 fi 9 or even more; in some cases their form is that of lepto- 
thrix threads, of even thickness throughout their length; in 
others, the long cells are swollen out in two or three places 
along their length, giving them a most irregular appearance. 
These cells are generally of a dark grey colour. At their 
ends a short chain of short rods or micrococci is sometimes 
observed. The other forms most frequently seen are short 


Journ. Chern. Soc, 1886, pp. 172-187; and 1887, pp. 638-642. 
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rods, about 3 /»in length, and micrococci about I /* in diameter 
floating freely in the culture liquid." 

Both these species are strictly aerobic, and grow only in 
liquids containing not more than 10 per cent of alcohol; they 
require both nitrogenous and mineral nutritive substances. 
A. J. Brown has fully confirmed Pasteur’s statement that the 
acetic ferments split up the acetic acid itself when all the 
alcohol has been oxidised. The limit of add formation lies 
between 1 and 2 per cent; when this is reached, the further 
action of the ferment on the alcohol is checked. The most 
favourable temperature for the growth of the acetic ferment 
is, according to Hansen, 33—35 0 C. (92-94 0 F.), and under 
18° C. (64° F.) the action is very slow, and decreases directly 
in proportion to the temperature; therefore beer stored at 
low temperatures runs little risk of being attacked by this 
ferment Sulphurous acid is very destructive to the acetic 
ferment 

The chemical action of Bact. aceti has been very thoroughly 
examined by A. J. Brown, and the results described in the 
papers previously mentioned. He first showed quantitatively 
that pure dilute alcohol (cthylic alcohol) is oxidised to acetic 
acid by the ferment (a trace of fixed acid was also found, 
thus confirming Pasteur’s statement that a little succinic acid 
is formed); and that propylic alcohol is similarly converted 
into propionic acid ; other alcohols were unacted on, although 
the ferment grows freely in a 1 per cent, solution of mcthylic 
alcohol in yeast-water. The action of Bact. aceti on the carbo¬ 
hydrates is most interesting and important. Dextrose in yeast- 
water and in the presence of calcium carbonate is converted 
into gluconic acid, which forms the calcium salt with the 
calcium carbonate; the ferment is unable to break up or alter 
cane-sugar; mannite is completely converted by Bact. aceti 
into levulose, which is itself untouched by the ferment This 
reaction'is of great theoretical interest since by its aid we are 
able to convert dextrose into levulose. A. J. Brown has 
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proved this completely. He first converted dextrose into 
mannite by acting upon it with sodium amalgam, and then 
converting the mannite so obtained into levulose by the action 
of Bad . aceti. Glycol is converted into glycolic acid by the 
ferment, and glycerine is completely decomposed into carbonic 
acid and water. Milk-sugar, starch, and maltose are unacted 
upon by Bad. aceti. 

We have mentioned that there are at least three species of 
bacteria known to have the power of converting alcoholic 
liquids into acetic acid, or vinegar. It has long been known 
that a peculiar gelatinous mass, known as the “ vinegar-plant,” 
or * mother of vinegar,” was sometimes formed on vinegar 
solutions, and was formerly much used in country districts for 
the manufacture of home-made vinegar. This mass is men¬ 
tioned by more than one writer—Pasteur, Zopf, &c.—but it 
was commonly regarded as a zooglcea form of Bad. aceti. 
A. J. Brown met with this ferment during his work on Bact. 
aceti mentioned above, and as it appeared to be a distinct 
organism, he examined it more closely.* It was purified by 
a combination of the “ fractional ” and “ dilution M methods 
and also by cultivation in beer-wort and gelatin. Grown in 
a favourable liquid it first forms a jelly-like translucent mass 
on the surface of the liquid, which gradually covers the entire 
surface with a gelatinous membrane, and may attain a thickness 
of 25 mm. This membrane presents an entirely different 
appearance to the film of Bact. acetic and its behaviour with 
potash (it resists the action of boiling potash, whilst Bact. 
aceti is entirely disintegrated by the same solution in the cold), 
and the fact that it is stained a deep blue with iodine, shows 
that it consists largely of cellulose. For this reason the name 
Bad. xylinum was given to this bacterium. When a membrane 
of Bact. xylinum is examined microscopically, it is found to 
consist of bacteria, arranged more or less in lines, and lying 
embedded in a transparent structureless film. When stained 

* Journ. Chem. Soc., 1886, p. 442-439 ; and 1887, p. 643. 



Fermentation. 


365 


with aniline-violet, the bacteria are seen to occur in chains of 
rods, the rods being about 2 p in length. In old cultivations 
the rods are largely replaced by micrococci about 0*5 p in 
diameter. The swollen involution forms of B. aceti are never 
observed. Under some conditions bodies are seen in the cells 
resembling spores. The most favourable temperature for thp 
growth of this ferment is about 28 0 C. (82° F.); above 36° C. 
(99 0 F.) it refuses to grow. 

Bact. xylinum produces the same chemical changes in 
various solutions as does Bact. aceti ; but in addition, it pro¬ 
duces a large quantity of cellulose in solutions of dextrose, 
levulose, and mannitc. Cellulose is especially formed in 
levulose solutions, and sometimes constitutes as much as 
62 per cent calculated on the weight of the membrane dried 
at ioo° C. (212° F.). The cellulose is converted into dextrose 
by the aid of acids, and here we have a reverse action to that 
which occurs with Bact. aceti, namely, the conversion of 
levulose into dextrose through the action of the ferment 

The acetic ferments are perhaps the least troublesome of 
the bacterial enemies of the brewer. Their action is perfectly 
definite, and they arc readily recognisable in beer before they 
have had time to do much damage. Their presence also is 
generally due to aereal contamination, and is more apt to 
attack individual cases than to run through an entire brew, as 
do some of the more insidious organisms with which we have 
to deal 


(/) The so-called Beer-Sarcina. 

Until quite recently, the so-called Sarcina received very 
little attention as regards brewing operations. In 1879 
Hansen mentioned a sarcina-form as occurring among the 
organisms of the air, which were able to develop in wort and 
beer, and incidentally stated that it was probable that some 
one or other of the diseases of beer was due to its presence 
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He described the organism as forming small spherical points, 
usually occurring in groups of two, three, or four—in the latter 
case forming symmetrical four-celled tablets. Later it is 
mentioned by Bersch; but it was not until Bailee, in 1884,* 
examined the question that anything very definite was 
known about it He found it in a large number of beers 
which were suffering from a peculiar disease, consisting of 
turbidity, combined with an unpleasant acid taste and smell. 
After this, Reinke often observed it in Berlin “white beer,” 
and here it appeared to be associated with the so-called 
reddening of white beer. 

Then in 1886, von Hutht performed a number of experi¬ 
ments in order to ascertain the source and conditions of 
growth of sarcina, and although his work is of little value 
from a scientific point of view, yet he apparently obtained 
some evidence of its presence in various substances and 
localities. 

The most important statement made by this author is that 
when he inoculated pure cultures of yeast and pure cultures 
of sarcina, derived from various sources and various nutritive 
liquids, into sterilised wort, he was able to produce a beer 
corresponding in every respect with the so-called “sarcina- 
beer.” This is an important statement, and, if it can be relied 
on, furnishes the one thing wanting in the researches carried 
out by other workers. 

In 1888, Dr. P. Lindner,} of Berlin, published an elaborate 
communication on the sarcina organisms of the fermentation 
industries. In this he described six species found in various 
localities and materials connected with fermentation. Only 
the first of these —Pediococcus cerevisice —concerns us here. 
This organism was isolated from bottled beer, which was 
suffering from the disease usually associated with sarcina. 

• Wochenschrift fur Brauerei, 1884, p. 183. 

t AUg. Zeitschrift fur Bierbrauerei und Malzfabrikation, 1885 and 1886. 

X Report of the Berlin Brewing School, 1888. 
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Pediococcus cerevisice was separated by culture in meat-extract 
gelatine; when separated, the microscopical examination 
showed that the organism occurred only in the form of cocci, 
diplococci, and tetrads—the typical sarcina forms were entirely 
absent (Plate VIII., fig. 1). The diameter of the single cells 
varies between o # 9-1 # 5 /*; but under certain conditions and 
in old cultures large abnormal forms arc observed. These 
Lindner regards as involution forms; they closely resemble 
those of Bacterium aceti and Bact termo In old cultures 
there are also formed flocks of cells of a brownish colour; 
these flocks tend to unite and fall to the bottom, where they 
form a dirty-white viscid and slimy sediment In no case, 
were the typical packets of sarcina observed. It appears to 
form no rcsting-spores, and 8 minutes at 6o° C. (140° F.) 
suffices to kill the cells. 

Pediococcus cerevisice grows more or less freely in nutritive 
gelatin ; meat-extract gelatin, Agar-Agar, or neutral malt- 
extract gelatin being the more favourable media. It does 
not grow well in acid media, unless it has been previously 
growing in an acid medium, and hopped-wort gelatin did 
not prove a suitable material, unless the inoculation was made 
direct from beer or neutral malt-extract The free presence 
of oxygen greatly promotes the growth of colonies, which have 
in all cases a greyish white appearance. 

Of nutritive solutions, peptonised broth forms the most 
suitable medium for the development of the organism. In 
this, a white sediment appears after some days, and then the 
liquid becomes turbid. It grows in a similar way in neutral 
malt-extract, and from this liquid may be successfully inocu¬ 
lated into hopped wort Lindner states that both in malt- 
extract and in hopped wort the growth of Pediococcus cercinsice 
appears to cause no marked alteration in the smell or taste of 
the liquid, and the amount of acid formed is not great All 
attempts to cultivate the organism in sterilised beer were 
unsuccessful, and Lindner therefore rightly states that it must 
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remain doubtful whether it has any other injurious action than 
producing turbidity. This is, of course, a very weak point in 
Lindner’s work, since it is impossible to consider the case 
proved against Pediococcus cerevisice as the cause of the so- 
called “ sarcina-beers,” until pure cultures of the organism have 
produced the disease. It will be remembered that von Huth 
claimed to have done this by inoculating into sterilised wort 
pure cultures of yeast and of sarcina, and if this really is so, 
the importance of the observation can hardly be over¬ 
estimated. 

Lindner found Pediococcus cerevisice i in very varied places 
—in both top- and bottom-fermentation beer, in yeast, in the 
air of breweries, in horse-dung and the air of stables, in water, 
and in one case it was traced to a pigeon-cot which was 
placed near the coolers of a brewery. It is also found oil 
malt and in grains. 

We mentioned above that Pediococcus is often found 
associated with ropiness. Lindner mentions that he found 
it growing abundantly in ropy beer, and considered it pro¬ 
bable that it might be the cause of the ropiness. 

Ropiness in beer is a disease which is enveloped in a great 
deal of obscurity, and even when we come to examine what 
has been done on this subject by reliable workers we find 
much that is indefinite. Pasteur, in ‘ttudes sur la btere/ 
describes a ferment which is said to produce viscous wort; 
this ferment occurs in the form of strings of small cells. 
Schutzenberger, in his book on “ Fermentation,” also de¬ 
scribes this ferment; and, in fact, throughout the literature 
of the subject we universally find the cause of the phenomenon 
described as an organism consisting of chaplets of small cells. 
Pasteur, in his work on the subject, states that the sugar 
acted upon is transformed into a kind of gum or dextrin, 
mannite and carbonic acid; and indeed the reaction is said 
to be so definite that it can be represented by chemical 
equations—100 parts of sugar being said to give about 51*09 
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parts of mannite and 45 * 5 of gum. Later, the gum was given 
the name of viscose. 

We arc inclined to believe, however, that this is not the 
action which takes place in beer, and after examining a con¬ 
siderable number of ropy beers, we are convinced that the 
organism described by Pasteur is not the usual cause of 
ropiness. The organism we have always found associated 
with this disease consists of a form closely resembling 
Lindner’s Pediococcus, if, indeed, it is not the same. This is 
to some extent confirmed by the statement of Lindner quoted 
above, and indeed, we believe it is the general experience of 
those who have closely examined the question. 


(jg) Bacillus Viscosus. 

H. van Laer has quite recently isolated two species of 
bacilli from samples of ropy Belgian beer, which he names 
Bacillus viscosus No. 1 and No. 2 (Plate VIII., fig. 2). 

The former produced a viscous condition in sterile beer- 
wort, after cultivation for twenty-four hours at 27 0 C. (8o° F.); 
and at the end of forty-eight hours the liquid is as ropy as 
albumin; at the same time, large quantities of carbonic acid 
are evolved. At the end of three days the viscosity was so 
great that 50 c.c. of the wort, cooled to 18 0 C. (64° F.), required 
180 seconds in order to pass through the opening of the 
viscosimeter, 3 mm. in diameter. The same amount of the 
original wort required only nineteen seconds. With the 
increase of viscosity of the wort, the evolution of carbonic 
acid decreased ; the liquid, however, remained turbid, with a 
chicory-like colouration, and with a smell so characteristic, 
that the viscous fermentation of liquids can be recognised by 
this alone. 

The surface of this liquid is almost completely covered 
with yellowish viscous particles, which throw out ramifications 

2 B 
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towards the bottom. This peculiarity is very characteristic, and 
serves to distinguish the first form from Bacillus viscosus No. 2. 
In the following days, the evolution of carbonic acid ceases, 
and the wort becomes the colour of a mixture of coffee and 
milk. The particles swimming on the surface have now 
completely overspread the liquid, and contain many bubbles 
of gas. 

Bacillus viscosus No. 2 produces, under the same conditions 
as No. i, a viscosity of about 70 (i.e., a wort which takes 
70 seconds to pass through the viscometer), which is about 
that usually shown by beer in the brewery. The evolution 
of carbonic acid is less vigorous, and the amount of surface 
growth is almost inappreciable. The viscous action takes 
place much quicker in hermetically-sealed flasks, but the 
surface viscous growth is never produced. This agrees with 
the observation made in practice, that beer in bottle becomes 
ropy much quicker than that in cask. In flasks hermetically 
sealed, Bacillus viscosus No. 1 always gives rise to the above- 
mentioned viscous growth. In this slimy mass the bacteria 
develop spores, either one only, when it is, as usual, in the 
centre; or when, there are two, they occur at either end. 
Gentian-violet is the most suitable stain for showing these 
spores. 

Both species cause viscosity in peptone-cane-sugar solutions, 
in milk, in Pasteur’s solution, in urea-asparagine solutions, and 
in Mayer’s solution; the production of viscosity in the last 
three solutions is very noteworthy, since they contain no sugar 
or carbohydrate. 

An examination of the conditions which favour or retard 
the viscous fermentation showed that an elevated temperature 
(42 0 C., 107*6° F.) completely stops the action, and a 
temperature of ioo° C. (212° F.) for three minutes is sufficient 
to kill the organism. When worts were simultaneously 
inoculated with yeast and the bacillus, the fermentation was 
injuriously influenced, directly in proportion to the number of 
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bacilli added; when the inoculation with bacilli followed the 
primary fermentation, no injurious results were observed. 

In a solution of sugar in distilled water no formation of 
viscosity takes place until a little peptone is added. The 
disease phenomena then occur the more rapidly and more 
intensely, the greater the amount of nitrogenous matter 
present Inoculated wort, with the addition of 3 per cent 
sterilised urea, became so extremely viscid, that the entire 
contents of the flask formed one single mass. 

The author studied the development of the disease in 
solutions with an increasing amount of peptones, and found 
that those with the largest amount of nitrogenous substance 
became the most viscous. 

The author concludes from these results that in practice, 
the beers with much assimilable nitrogenous substances will 
have a great tendency to undergo the viscous fermentation. 
He also considers that the generally accepted view of the 
unpeptonised albuminoids being the chief source of danger to 
the brewer, to be an error, because it appears to be the 
peptones which are especially predisposed to support the 
viscous fermentations. 

In a series of experiments with solutions containing 
a constant amount of peptone, but increasing quantities of 
sugar, it was found that the viscous fermentation commenced 
the sooner the poorer the solution was in sugar. This agrees 
well with what is observed in practice, namely, that beers 
remain sound for a longer time when their attenuations are high. 

The same was observed with dextrin. Acid above 0*15 
per cent is sufficient to prevent the production of viscosity. 
Alcohol and phosphates do not influence the fermentation 
when present in moderate quantity, but gypsum is stated by 
van Lacr to distinctly favour the development of viscosity 
Carbonic acid and salicylic acid retard the action, and sul¬ 
phurous acid used in conjunction with steam destroys the 
bacillus. 


2 B 2 
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The author soaked pieces of wood for twenty-four hours 
in a nutritive solution which had become viscous, and then 
suspended the fragments in the vapour of water, and in sul¬ 
phurous acid gas for fifteen minutes. The fragments were 
then introduced into sterile beer-wort, when it was found that 
they were completely sterile. 

This experiment has an important practical bearing, since 
the application of this acid to brewery vessels will be sufficient 
to sterilise them, so far as regards the viscous ferment. 

The author sums up the principal results as follow:— 

A. Circumstances which favour the viscous fermentation. 

(1) The temperature of top-fermentations. 

(2) A long exposure of the worts to the air before the 

addition of yeast 

(3) T^he employment of a contaminated yeast 

(4) A large amount of nitrogenous substances. 

(5) Too low an attenuatioa 

(6) The employment of a water containing a large 

amount of gypsum. 

B. The circumstances which retard the viscous fermen¬ 

tation :— 

(1) The acidity. 

(2) Alcohol in the presence of small quantities of acid. 

(3) Salicylic acid. 

(4) Sulphurous acid gas in the presence of water 

vapour. 

Van Laer gives some account of the products of viscous 
fermentation. In the presence of sugar, carbonic acid is 
always evolved, the liquid at the same time becoming acid. 
The amount of acid always increases considerably after 
the period when the viscosity begins to decrease. The odour 
produced during fermentation is very characteristic, and 
is the same in all media. The viscous substance men¬ 
tioned above as produced by Bacillus viscosus I. can be 
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collected on a filter, whilst the liquid which passes through is 
very viscous also, thus showing that two substances are formed, 
one insoluble in water, the other soluble in water; the former 
is a nitrogenous substance, whilst the latter is free from 
nitrogen. The body soluble in water is insoluble in absolute 
alcohol, and is coloured yellow by iodine; concentrated potash 
dissolves it in the cold, and the solution gives a yellow colour¬ 
ation on warming. It is not precipitated by tannic acid from 
its solutions. 

We have every reason to believe that the Bacillus viscosus 
is not at all a common disease ferment in this country. We 
have never found it associated with viscosity in English beers, 
but on the contrary, have always found ropincss to be accom¬ 
panied by what is apparently the Pediococcus cerevisia of 
Lindner. Nevertheless we can fully support van Laer’s con¬ 
clusions that pressure appears to be particularly favourable 
to the development of viscosity : beers in bottle being much 
more prone to undergo this change, than those in cask. Acid 
too has a marked effect in checking the disease, and hops also 
appear to exert a restraining influence on the development of 
the organisms. 

The foregoing comprise all the Schizomycetes which have 
any interest in connection with brewing operations. We 
must now glance at another group of micro-organisms which, 
although not directly concerned in fermentation, yet are a 
source of danger to the brewer at different stages of the 
brewing process. These organisms belong to 


III. The Hypiiomycetes, or Moulds. 

In the foregoing pages we have mentioned the injurious 
results which arise from mould-growth on the malting floors. 
In addition to this the moulds may cause injury to the brewer 
by their growth on hops, on fermenting and other brewery 
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vessels, on the walls, &c., of the brewery premises, and on the 
interior of the trade casks. Not only may the growth of 
mould be a danger in itself, but it is also a source of indirect 
danger, inasmuch as the thick felty colonies may harbour the 
cells and spores of the two classes of disease organisms we 
have considered above—wild yeast and bacteria—and thus 
serve as fruitful sources from which these organisms may be 
disseminated throughout the brewery. Speaking generally 
the moulds require for their development an abundant supply 
of moisture and air, and hence we usually find them flourishing 
in damp situations and in damp vessels. 

(a) The Mucors. 

The members of this class include several species which 
are of much interest to the brewer. The most frequent of the 
species of Mucor —Mucor Mucedo —forms on moist surfaces, 
a greyish, felt-like mass, from which a number of fine threads, 
(distinguishable by the naked eye) are thrown up; these 
threads have dark-coloured spherical heads, containing the 
spores from which young plants are subsequently developed.* 

The spores of certain species of Mucor have the power, 
when cultivated in wort or saccharine solutions, of growing in 
the submerged state in forms closely resembling yeast-cells. 
In this form of growth the cells are known as gemma, and 
multiply by budding like the true yeasts. 

When growing in the submerged form, the Mucors act as 
true alcoholic ferments. Hansen has lately shown that the 
majority of the Mucors ferment not only dextrose and invert- 
sugar solutions, but also bring about the fermentation of 
maltose. Of the species examined by him, however, only 
one, Mucor racemosus, is able to invert cane-sugar. Mucor 
erectus possesses the strongest fermentative power: it forms 

* For a more detailed illustrated description of the Moulds, see Joigcnsen’s 
44 The Micro-organisms of Fermentation. 1 ’ Edited from the German by G. H. 
Morris; and Matthews and Lott 44 The Microscope in the Brewery and Malt- 
house.” 
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8 per cent of alcohol in beer-wort; it also excites an alcoholic 
fermentation in dextrin solutions, and converts starch into 
reducing sugars. 

( 3 ) Penicillium glaucum. 

This species is the most widely distributed of all the 
Moulds. It grows freely on all moist, nutritive surfaces in 
the form of greenish-grey, fclt-Iikc masses, which when 
examined under the microscope are seen to consist of tangled 
and ramified mycclia. These mycelia are in the form of 
transparent branched and divided threads, from which per¬ 
pendicular threads are thrown up; the latter are usually 
branched at the top and carry the spores in the form of a tuft 

Penicillium is very abundant on the malting floors when 
the grain contains any quantity of broken corns, and when the 
temperature and amount of moisture are. allowed to rise too 
high. In addition to the disagreeable taste and smell com¬ 
municated to the resulting malt it is also injurious in that it 
attacks the starch of the grain and causes a loss in extract 
Penicillium also readily grows in damp vessels, and especially 
in empty beer-casks. It does not appear to grow in a 
submerged form as does Mucor, neither has it the power of 
inducing alcoholic fermentation, but it secretes an invertive 
ferment capable of converting cane-sugar into invert-sugar. 

(c) Otdium lactis. 

The natural habitat of this organism is in milk, hence the 
name lactis given to it by Fresenius. It occurs, however, in 
many other liquids, such as yeast woit, and beer poor in 
alcohol. It is capable of exciting a feeble alcholic fermenta¬ 
tion, and we have reason to believe that it is present in beer 
more often than is usually supposed. What its precise 
function is, when growing in beer, is not known; but it is one 
of those organisms the presence of which should be carefully 
guarded against 
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The usual mode of growth of Otdium lactis is shown in 
Plate IX., Fig. 3 ; the extremities of the forked and branched 
mycelial threads become separate, owing to the formation of 
transverse septa, and the conidia thus separated are oblong, 
spherical or pear-shaped, and closely resemble abnormal yeast 
forms. 


(d) Monilia Candida. 

This is another species, interesting on account of the fact 
that, although its usual habitat is on moist surfaces, such as 
cow-dung or succulent fruit, where it forms a white film, yet 
when introduced into saccharine solutions, it develops a 
vigorous growth of yeast-like cells, which bring about an 
alcoholic fermentation. Monilia Candida is shown in Plate 
IX., Figs. 4 a and 4 b. Fig. 4 a shows the organism when 
growing submerged in beer-wort or other saccharine liquid ; 
the cells closely resemble Sacch. cerevisice and ellipsoideus; 
Fig* 4A shows the mould-like growth of Monilia; the 
characteristic form is the chain of thread-like cells, with rings 
of oval cells at the joints, the latter break off and occur as 
individuals or in groups resembling Sacch. conglomerate 
(Reess). 

The yeast-like cells of Monilia excite a vigorous fermenta¬ 
tion in beer-wort, and in solutions of cane-sugar, maltose, 
dextrose, &c.; as much as 5 per cent of alcohol is formed. 
The ferment can withstand a fairly high temperature, a 
vigorous growth and fermentation taking place at 40° C. 
(104° F.). 

A remarkable feature in connection with Monilia> is its 
power of directly fermenting cane-sugar. Hansen states that 
it secretes no invertase but ferments cane-sugar as such. 

Monilia Candida is found among the air-sown ferments in 
wort and beer, and is on this account interesting to the 
brewer. 



Fermentation . 


377 


(e) Dematium fullulans. 

Very much has been written by Pasteur and others re¬ 
garding this mould. It occurs especially on fruit, where it 
develops a branched mycelium, from which separate yeast-like 
cells. De Bary and afterwards Locw have thoroughly de¬ 
scribed this organism; the yeast-like cells develop into 
mycelial threads, and these after a time become much thick¬ 
ened with numerous transverse septa, and also become dark 
brown or olive green. The yeast-like cells excite no alcoholic 
fermentation, although they grow in saccharine solutions. 
Hansen found Dematium very prevalent in the air, and we 
have lately observed it growing with great freedom on damp 
walls ; it there forms dark green patches. 

Lindner has recently shown 0 that Dematium , when 
grown in beer-wort, causes the liquid to become intensely 
viscous or ropy. We can confirm this statement of Lindner's, 
since the above-mentioned growth, and pure cultures obtained 
from it, converted beer-wort, in twenty-four hours, into an 
extremely ropy condition. On this account brewers should 
pay the greatest attention to the absence of this mould from 
their fermenting rooms, since its presence might result in 
serious trouble. 


(/) Fusarium hordei 

This mould was first described by C. G. Matthews f as 
occurring on germinating barley; it is, after Penicillium 
glaucum , probably the most frequent mould found on germi¬ 
nating grain. As a rule it is found when the barley is of 
inferior quality, and then it appears as a crimson or pink- 
tinted patch on the defective corns, more particularly in the 
neighbourhood of the embryo. The most marked phase in 
the development of this mould is the crescent-shaped compound 
spores. When grown in beer-wort, Matthews states that this 

* Wochenschrift for Branerd, 1888, p. 29a 
t Journal Royal Microscopical Society, 1883, p. 321. 
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mould forms cells somewhat resembling those of Mucor 
racemosus under similar conditions, and which excite a feeble 
alcoholic fermentation. 

When present on the growing floors, this mould is not 
readily communicated to sound and healthy corns, and its 
spores, on account of their weight and adherence, do not 
readily spread through the growing grain. 

Practical Considerations. 

Many micro-organisms, which mainly infest worts during 
cooling and refrigeration, can freely develop in a well-made 
beer wort, and would do so even in the absence of putrescible 
matter, were it not that the wort is shortly afterwards sown 
with yeast When the wort is properly constituted and when 
the yeast is vigorous, its energy of reproduction keeps down 
the development of these organisms, firstly, because a wort 
free from putrescible impurities is more suited to the develop¬ 
ment of yeast than to that of bacteria ; secondly, because the 
yeast-cells added outnumber the bacteria ; and thirdly, 
because while the yeast is added in a form capable of im¬ 
mediate development, the organisms introduced from the air 
being in the desiccated form are incapable of so readily 
propagating. We have said that a well-constituted beer 
wort is more suitable for the development of yeasts than of 
the fission-fungi, and this is due to several causes : firstly, its 
acid reaction; secondly, its relatively high proportion of 
carbohydrate and low proportions of nitrogenous bodies and 
phosphates, and thirdly, because of the relatively low tem¬ 
peratures at which it is fermented. 

Considered from the standpoint of bacterial contamination, 
the quality of the yeast may be regarded as an index to the 
purity of the materials and the cleanliness of the plant in a 
brewery. An impure yeast tells a tale which should be 
immediately construed into practical action. We have referred 
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to the connection between yeast vigour and bacterial develop¬ 
ment, saying that the more vigorous a yeast the less chance 
have the organisms for propagation. This is obviously the 
case; it must be remembered, however, that the increase of 
contamination in a brewery must eventually lead to the 
weakening of the yeast, and the successive weakening of the 
yeast must in its turn weaken its power of checking the 
development of the organisms. 

The importance of microscopically examining yeast in the 
brewery is obvious ; the observations should include the con¬ 
figuration of the yeast itself as well as the number and 
varieties of bacteria. Yeast should be well filled and round, 
with a thin cell-wall and ungranulated and highly refractive 
ccll-contcnts. Angular shrivelled cells show weakness or 
death of the cells. The plasma of dead cells exudes from 
the cells, and may thus encourage the growth of disease 
ferments, for it contains much phosphate and much nitro¬ 
genous matter and in a state ready to be immediately 
assimilated by the disease ferments. 

It is therefore desirable to supplement ordinary microscopic 
examination of a yeast by some test which, apart from mere 
appearance, enables us to form some idea as to the vitality 
of the yeast-celL To do so we inject an aqueous solution 
of eosin into the preparation. The eosin stains dead plasma a 
bright and distinct pink and leaves living plasma unaffected. 

The troubles which wild-yeast gives rise to arc, in a sense, 
less controllable than those produced by bacteria, and for the 
reason that they are not detected by microscopic observation. 
In the present state of our knowledge it is difficult to definitely 
assign certain forms of beer disease to certain forms of wild- 
yeast, as has been possible by Hansen and others in respect of 
many of the diseases caused in Continental beers. But there 
are certain defects which are certainly associated with wild- 
yeast contamination. 

The tumultuous cask fermentation, or fretting of beer. 
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is mainly a summer trouble, and is primarily incited by an 
excess of wild-yeasts. These are probably of the same variety 
( 5 . Pastorianus) which in moderation are essential for cask 
condition, and which during the summer months will be likely 
to infect the brewings to a far greater degree than in the 
colder months. Fretting beers attenuate very low in cask 
through the excessive degradation and fermentation of the 
maltodextrins at the instance of the yeasts; the final beer is 
not only thin, but is invariably defective in flavour (“ sick #> ), 
and is not infrequently liable to very early acidity. This 
sick flavour is probably the result of by-products of what we 
may term the abnormal after-fermentation ; the instability is 
probably due to the general disturbance of the beer (see 
Chap. V., p. 207), and also possibly to the low amount of 
maltodextrins in the beer when the fret is over. The fret is 
in great measure governable by the constitution of the beer, 
for the wild-yeast will break down the very low maltodextrins 
(the apparent free maltose) with far greater ease than they 
would medium or normal maltodextrins, thus we generally 
find these frets to occur only in beers containing low malto¬ 
dextrins. As a matter of fact, the fret may invariably be 
stopped by raising the type of maltodextrins and taking other 
measures which are given in detail elsewhere (see p. 413). 

The variety of yeast which incites frets is probably a 
bottom yeast; the fact that the fermentation of fretting beers 
in the fermenting vessel proper is generally normal, and that 
the fret only commences some time afterwards, is significant 
that the yeast is not a top yeast, but deposits on the bottom 
of the vessel during the primary fermentation, and comes 
down mechanically with the beer when this is racked into 
casks. 

It may be sometimes overcome by adding an excess of 
finings to the beer in the fermenting vessel before racking 
into casks. By this means we imbed the bottom yeast 
deposit in the isinglass, and have therefore a far smaller 
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quantity of the ferment brought into our casks. The treat¬ 
ment is simple, and is sometimes efficacious. We admit, 
however, that it is not always so, and the better way of 
dealing with it is to replace the lower maltodextrins in our 
beer, upon which the wild yeast acts so easily, by more 
resistant higher maltodextrins. This substitution is always 
a successful way of dealing with the trouble 

We must add that this and other wild-yeast troubles are 
not necessarily confined to the summer months. Similar 
troubles sometimes arise during a spell of warm weather 
in the colder months of the year. This is especially the case 
when the yeast has not been changed since the summer, but 
it must not be forgotten that the wood plant and the casks, 
especially when these are unsound, would absorb the wild- 
yeast forms so prevalent in summer, and thence they con¬ 
taminate worts and beers at other seasons of the year. 

Turbidity of beer caused by yeast or yeast turbidity, is 
not necessarily a result of wild-yeast, for normal yeast if 
cultivated in an ill-constituted wort, may refuse to work out 
well, and thus remain suspended in the beer. But it is 
probable that certain forms of wild-ycast do produce turbidity, 
though this seems more marked in Continental than in 
English breweries. These wild-yeasts are light and do not 
deposit 

We have within recent years had some experience of a 
peculiar bitter flavour to beers, especially those brewed in 
summer. This bitter is accompanied by turbidity, and the 
attenuations run very low. The cloudiness of the beer 
disappears on adding potash to it, and we have no hesitation 
in ascribing both the bitter and the turbidity to uneliminated 
hop resins. Normal yeasts eliminate these resins by attaching 
them to their surface; but in the case referred to we seem to 
be dealing with a yeast that refuses to perform this function. 
This yeast is probably identical with the 5. coagulatus 
described by Matthews, and which the author finds competent 
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to degrade and ferment the maltodextrins during the primary 
fermentation. This would explain the low attenuations. 
The author also states that contamination with this yeast 
leaves a clinging resin bitter in the beers; this, doubtless, 
explains the intense bitterness of the beers referred to. 

We have found that the raising of the percentage and type 
of maltodextrins is of material service in dealing with this 
trouble. But the improvement is only gradual unless the 
yeast is changed ; and that this is the case is confirmatory of 
the supposition that a wild-yeast variety is at the bottom of 
the trouble. 

The benefits in respect to brilliancy which so frequently 
follow a change of yeast unaccompanied by any change in 
the constitution of the wort, we ascribe mainly to the new 
yeast consisting principally of cells which readily attach to 
themselves a due amount of hop resin. Conversely, when a 
change, similarly unaccompanied by any change in the wort, 
produces turbidity, we believe that this is mainly due to the 
fresh yeast containing those cells in abundance which refuse 
to eliminate the resins in this way. 

In this country we use a mixture of yeasts, the bulk of 
which is primary. Attenuation in the fermenting vessels 
will proceed under normal circumstances until the whole of 
the maltose and fermentable sugars used as malt adjuncts 
have been fermented out. We are taking it for granted in 
the above statement that the wort contains a sufficiency of 
phosphates and nitrogenous yeast food, and that a sufficiency 
of oxygen is provided for the due reproduction of the yeasts. 
Under these circumstances attenuation proceeds until there 
is no fermentable sugar or maltose remaining, and it is 
the elimination of the fermentable sugars which determines 
the cessation of attenuation. The maltose is converted into 
alcohol and carbonic acid gas, small quantities of glycerin and 
succinic acid being produced simultaneously. 

A small proportion of the carbohydrate however (about 
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1 per cent), is used by the yeast-cells and converted by 
them into fats and cellulose. 

Pasteur and Monoycr have suggested equations which 
claim to account for all these changes.* These equations are, 
however, purely hypothetical, and it has lately been ques¬ 
tioned whether the glycerin and succinic acid are really the 
results of fermentation at all. It seems more probable that 
they are the products of the metabolism of the yeast-cells. 

In addition to carbonic acid, hydrogen, nitrogen, and some 
volatile product of the marsh-gas series are evolved. The 
hydrogen arises from a decomposition of water by the yeast, 
and this is especially the case when the pressure is low. The 
nitrogen proceeds from a decomposition of the albuminoids. 

We arc aware that our statement, that the whole of the 
maltose disappears, and that it is the elimination of the maltose 
that determines the cessation of fermentation, is opposed to 
the views generally held, but for reasons which will follow, we 
are forced to that conclusion. We imagine that those who 
hold that racked beer contains free maltose, base their argu¬ 
ments upon the fact that the beer at that stage has a very 

* Pasteur’s careful quantitative experiments led him to express the decomposi¬ 
tion of 100 parts of cane-sugar (corresponding to 105*26 parts of invert-sugar) as 


follows:— 

Alcohol .51'll 

Carbon dioxide.U» 89 according to G.y-Lu^c’. equation, 

l 0-53 exceae over (see p. *83) 

Succinic acid ..0*67 

Glycerin .. 316 


Matter combined with yeast 1 * 00 

Thus, out of 100 parts of cane-sugar, 4 parts disappear and form glycerin and 
succinic add. Pasteur gives the following equation to represent the decomposi¬ 
tion of these 4 parts 

49 (CitHttO,, + H # 0 ) = 24 (C 4 H. 0 4 ) + 144 (C.H.O.) + 6oCO r 
Succinic add. Glycerin. 

Monoyer has proposed a more simple equation to represent the decomposition; 
it is as follows:— 

4 (C, t H n O|t + H f 0 ) = 2 (C 4 H. 0 4 ) + 12 (C,H t O,) + 4 CO, + O, 
Succinic add. Glycerin. Oxygen. 

The excess of oxygen, shown in the equation, is supposed by Monoyer to 
serve for the respiration of the yeast-cells. 
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decided reducing action on Fehling’s solution. But it is 
unnecessary to say that such a reducing action is abundantly 
explained by the maltose constituent of the maltodextrin. 
It is at any rate suggestive, that very shortly after we add to 
racked beer a fermentable sugar (as we do in priming beers) 
a vigorous and rapid fermentation ensues. It is clear, there¬ 
fore, that there is an abundance of yeast in the beer at that 
stage to do fermenting work; and that there is nothing in the 
beer to check or interfere with a vigorous fermentation. The 
cessation of the fermentation must be due, and due only to 
the absence of fermentable matter. A fermentation can also 
be readily induced in racked beer by adding diastase. This 
transforms the maltodextrin into maltose, which is then 
fermented at once. 

The following experiments show that when maltose is 
added to a fermented beer a vigorous and rapid attenuation 
results. We can see no reason why, if the beer contained 
maltose before, that maltose should not have fermented in the 
same manner as that added. 

The residues of three beers were taken and set to ferment 
as described in Chapter XII. (p. 504). When it was apparent 
that all fermentation had ceased, the amount of apparent 
maltose in each was determined in the usual way, and was 
found to be equal to :— 

No. 1.—1*381 gram of maltoie per iooc.c. 

No. 2.— 1**33 11 11 11 

No. 3.—1*364 11 11 11 

Pure crystallised maltose was then added to each beer at 
(lie rate of 1 ’9414 gram of maltose per 100 c.c. Fermentation 
l uumienced most vigorously, and continued for three days; at 
(lie end of that time fermentation had ceased, and the ap- 
|Mieu( maltose was again estimated. The values now found 
wne;- , , 

No. 1.—1 *425 gram of mutoce per 100 c.c. 

No. a.—1*275 „ „ „ 

No. 3.—1*392 „ „ „ 
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It will be noticed that, in each beer, the value after the 
second fermentation was slightly higher than before; the 
difference, however, is very slight, and within the errors of ex¬ 
periment These results indicate most clearly that the 
apparent maltose in beer cannot consist of free, fermentable 
maltose, for in the instances given, every condition was favour¬ 
able for fermentation, and considerably more maltose than 
was apparently present was readily fermented when it was 
added to the liquid, yet the apparent maltose remained abso¬ 
lutely untouched by the fermenting yeast A trace of malt- 
extract added to the residues after the second determination 
caused a brisk fermentation to again start. 

When a racked beer is pitched with fresh yeast, a certain 
amount of sugar will disappear; generally this will amount to 
about o a 8 to 2 per cent calculated on the original wort-solids; 
but occasionally it comes out very much higher, from 5 to 8 
per cent similarly calculated being found in some instances. 
This it was that so puzzled us for a very long time, since the 
sugar thus disappearing would appear to be free maltose un- 
fermented during the fermentation, and we could find no 
adequate reason for its having thus escaped fermentation. 
We have now come to the conclusion that this unfermented 
" free maltose ” is not actual, but apparent It consists, in 
fact, of very low maltodextrins (compounds of very much 
maltose and little dextrin) which become slightly fermentable 
when the yeast added is very excessive in quantity, and when 
the conditions of fermentation are such as to promote its 
vigour, but which may escape fermentation when in fermen¬ 
ting vessel, especially where there is any yeast weakness, or 
where the fermentation conditions are somewhat unfavourable 
to the full activity of the ferment This will explain why by 
adding fresh yeast to a racked beer and fermenting at high 
temperature (as is done in the analysis) we arc able to remove 
substances which were not removed during the brewery 
fermentation. 


2 c 
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The above point also explains to us why it is that some 
yeasts will, with the same wort, give a lower attenuation than 
others, and again, why, with the same wort and the same 
yeast, we can lower our attenuations by aerating, rousing, 
and by other similar devices for encouraging the yeast It 
is clear to us that in the first case we are dealing with a yeast 
which is particularly competent to ferment out the lower 
maltodextrins in the fermenting vessel; while in the second 
case, it is possible to incite a yeast sufficiently to deter- 
mine an increased capacity for fermenting out these veiy low 
maltodextrins. 

In talking of maltodextrins as unfermentable we have 
referred to the normal or medium types: under ordinary 
conditions these are so, or very nearly so; and if they be 
fermentable at all, they are so slightly so as, from the practical 
standpoint, to be considered entirely unfermentable. The 
very low maltodextrins, however, are undeniably fermentable 
to some extent; to what extent seems to depend upon the 
vigour, and also on the amount, of the yeast and the con¬ 
ditions of fermentation. Every brewer knows that some 
control of his attenuations is possible by altering his yeast 
rate ; and we believe that the increase or decrease of yeast rate 
is the most powerful practical factor in determining a ferment¬ 
ation or non-fermentation of these very low maltodextrins. 

In giving the maltodextrin type on the result of analysis 
we naturally give the mean type, that is, the average maltose 
to the average dextrin proportion. But where the type 
does not seem abnormally low, there may be yet these lower 
maltodextrins present, although they are masked by other 
more dextrinous types which accompany them. We have 
generally found, however, that where the type is normal there 
is no evidence to suppose the existence of this very low type. 
But analysis of the beer will determine this, irrespective of 
mean type, since in analysis they will be included in what 
has been hitherto erroneously known as the free maltose: 
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that is, sugar not fermented during the brewing fermentation, 
but fermented on the addition of a great excess of yeast 

If, then, the yeast is sufficient in quantity, if it is supplied 
with sufficient air, if it is kept sufficiently agitated to prevent 
the ceils getting coated with a film of alcohol and carbonic 
acid, and if there is a sufficiency of yeast-foods, the fermenta¬ 
tion proceeds until the maltose is entirely fermented. But 
occasionally there is an insufficiency of maltose, and the 
attenuation is inadequate. In such cases, besides aeration, 
rousing, 8cc, we dress the fermentations with malt-flour or 
wheat-flour, or a cold-water extract of malt; the diastase 
in these will break down the maltodcxtrins, converting them 
into free maltose, which will then readily ferment away. 
Brewers sometimes have what they call boiling or M fiery ” 
fermentation, i. e^ fermentation proceeding unaccompanied by 
the rising of a yeasty head. Lack of aeration and excessive 
temperatures—conditions which incite attenuation, but not 
yeast reproduction—are generally the chief causes of the 
defect Dressing with diastatic materials, however, frequently 
helps us to overcome the defect though the rousing and 
aeration accompanying their addition arc probably more 
productive of benefit than the materials themselves. The 
best remedies to apply, however, are thorough rousing and 
aeration, and expulsion of carbonic acid, together with a 
lowering in temperature. 

Some brewers mix their yeast with unboiled wort from 
the mash-tun, at a somewhat elevated temperature, before 
pitching. The action of this is twofold. Firstly, the unde¬ 
stroyed diastase of the wort will be immensely invigorated 
by the yeast, and under its influence will rapidly degrade the 
maltodextrins and even the dextrin, thus giving to the yeast 
a sort of preparatory meal of the most assimilable carbo¬ 
hydrate, and presumably most assimilable nitrogenous matter. 
The yeast becomes invigorated, and is added to the beer in a 
condition to work at once. 


2 c 2 
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There seems, secondly, to be a further reason why the 
practice should* be beneficial. Hansen has recently shown 
that when a mixture of normal and wild-yeasts are put to 
ferment in a wort, the normal yeast will work first, and the 
yeasty wort will contain cells of nearly entirely normal yeast 
during the very early stages ; .and he suggests pitching beers 
not with dry yeast but with yeasty wort taken shortly after 
the pitching of the wort In a rough sort of way, 11 setting ” 
on the yeast with wort would thus appear to be a means of 
getting a vigorous growth of normal yeast; and in summer 
it might therefore be well to leave some of the yeasty deposit 
behind in the vessel used for the purpose; for this will pre¬ 
sumably contain the greater amount of wild-yeast. During 
fermentations the thorough aeration of the wort is customary 
and necessary. This is effected by rousing, or by transferring 
the wort from one vessel to another. The benefits arising 
from these processes are not entirely due to the invigoration 
of the yeast by air ; they are also in great measure attributable 
to the simultaneous expulsion of the excess of carbonic acid 
gas. This gas in excess undoubtedly restricts the vigour of 
the yeast, alike in assimilative capacity and in attenuative 
capacity; to expel a portion of it, therefore, conduces to 
greater vigour. 

Due regard must be had also to the temperature at which 
fermentations are conducted Broadly put, high temperatures 
encourage attenuation, rather than the reproduction of yeast; 
while low temperatures on the other hand will encourage 
reproduction and discourage attenuation. Attenuation is 
of course necessaiy, but reproduction is equally so. By a 
proper reproduction, much of the nitrogenous and phosphatic 
matter is removed entirely from the beers, for they are used up 
by the yeast and will be removed with the yeast; such beers 
will be sounder than others in which the removal of these 
substances is only incomplete. Temperatures affect stability 
in other ways : the higher they are the more encouraging are 
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they to disease-organisms, and vice versd. The temperature 
undoubtedly plays a part in the flavour of the beer: beers 
fermented at high heats having a characteristic vinous flavour, 
due, probably, to the formation of the higher alcohols and 
their derivations. On the whole, it may be said that sound, 
dean-tasting beers are best fermented at what we may term 
low heats, say between 58° to 68° or 70° higher; heats give 
characteristic flavours, which are sometimes admired, but at 
the expense of soundness. 

The attenuation being complete, the beer lies in the 
fermenting vessel, or in secondary settling vessels for some 
days, when the yeast works out and is removed, and it is 
then run into the casks. 

Whether or not a pure system would suit us in this 
country is an open question. So far experiments have not 
yielded decisive results, but they may yet do so. Continental 
brewers, brewing on the top-fermentation system, find that they 
can adopt the process successfully ; whether or not we shall 
be able to do so is a question that only practical experiment 
can decide. If we can do so it will be a step, and a very long 
step, in advance; and by it one more means of control will 
have been given by sdence to brewing. 

Systems of Fermentation. 

We may conveniently dassify the systems of fermentation 
used in this country under the following heads:—The skim¬ 
ming and the cleansing systems, the stone-square system, 
and the Edinburgh system. There are two modifications of 
the skimming system, the one in which fermentation and yeast 
elimination arc carried out entirely in one vessel; and the 
other, where the beer is let down at about half its original 
gravity into a shallower skimming vessel, from which the 
yeast is removed. The advantages of this latter over the 
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more ordinary skimming system are the more thorough 
aeration of the beer, the more complete expulsion of carbonic 
acid gas, the thorough agitation of the yeast-cells, the more 
perfect elimination of the yeast, and consequent greater rack¬ 
ing brightness. The surface attraction in these shallow skim¬ 
ming vessels is greater; consequently the deposition of 
insoluble matter is facilitated. This system is decidedly 
preferable to the one sometimes adopted of merely letting 
the beer down into a shallow settling or racking back a few 
hours previous to racking. The beer is then practically naked, 
and there is no final yeast-crust to prevent oxidation and the 
escape of gas at a stage when its expulsion is undesirable in 
respect to subsequent condition. 

Upon the skimming system we consider either thorough 
rousing or a more direct method of aeration to be particularly 
important. The wort here exists in large bulk, and is often of 
considerable depth ; the necessity for agitation and expulsion 
of gas is therefore more than ever necessary. The range of 
heats allowed varies very considerably, according to the 
character of the beer required. The most usual range is 
from about 58° or 6o° to 70° or 73 0 F. Some brewers prefer 
to commence lower and to confine the rise to 66° or 68° F. 
On the other hand others allow the final temperature to reach 
75°, and even 8o° F. These extremely high heats are, however, 
generally confined to black beers. The skimming system is 
one particularly adapted for the production of mild beers. 

There are several modifications of the cleansing process, 
which, however, mainly consist of the transference of the wort, 
whilst in active fermentation, to smaller vessels in which the 
process is completed. The influence of the transference of 
the wort at this stage is of importance, on account of the 
agitation and aeration and gas expulsion, which stimulate the 
reproductive and therefore assimilative capacity of the yeast 
The final settling of the beer in the comparatively small vessels 
is of course an additional advantage in regard to the attain- 
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ment of racking brightness. And upon this cleansing system 
the influence of the surface attraction is not only at its 
maximum, but, unlike the case of shallow racking casks, it is 
exerted when the beer is entirely out of contact with the air. 
Another important feature of the cleansing system is the 
aeration of the yeast and " feed,” which further promotes the 
clarification and purification of the beer. The most important 
and perfect system of cleansing is the Burton-union method. 
Each union is generally provided with a removable attem- 
perator, as are also the yeast-trough and feed-back. In these 
vessels the progress of fermentation is admirably under con¬ 
trol. Cleansing in loose pieces or hogsheads may be regarded 
as a makeshift system, and it certainly promotes dirt and 
waste, as each cask has to be topped up by cans. The labour 
involved is very great, and there is no attemperating controL 
The casks are rolled out to be washed, and are rolled in 
again, usually over a dirty cellar floor, and pick up anything 
in their way, upon the very part over which the yeast will 
afterwards flow. 

There arc still some brewers who cleanse direct with 
carriage casks. These arc placed on small stillions, and arc 
worked exactly like the larger pieces. The labour is con¬ 
siderable, although there is no re-racking. In some breweries 
the plan answers very well, and when the cleansing is 
thoroughly complete, fine conditioned and brilliant beers are 
produced. For this system to be successful the yeast has to 
be kept in perfect order. 

Very few remarks will suffice respecting the ponto system 
of cleansing. These vessels are larger than Burton unions, 
and are set up on their heads. The yeast flows over a sort 
of lip at the top, and drops into a trough below. The feed 
back is here above the yeast trough, and of course commands 
the pontos. An automatic feed is arranged by means of a 
ball valve, which keeps the vessels full. 

Speaking generally, the cleansing system produces cleaner 
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drinking and more slowly conditioning beers than the 
skimming system. The duration of the process, and the 
range of temperature is about the same in cither. Both 
skimmed and cleansed beers are usually allowed a week 
before they are racked into cask. It is, however, veiy often 
possible to rack on the fifth day after pitching. Although 
the cleansing system has decided advantages, it entails much 
more labour and is distinctly more wasteful than the skimming 
system. There are many vessels and mains to keep clean, 
and every additional vessel means loss. 

The stone-square system is practically confined to the 
North of England. These squares are constructed of stone 
or slate, and have a capacity of about 30 to 50 barrels. The 
vessels consist of two parts: the lower one, which has double 
sides and a space between for attemperating liquor; and 
the upper one, which is placed so that its bottom forms a 
top or cover to the one below. In this roof, or cover, there 
is a man-hole with a raised collar about 6 inches high, and 
also a smaller hole provided with a valve. The lower vessel 
is a little more than filled, so that the wort lies some 2 or 
3 inches deep in the upper one, or yeast back. Pumping is 
resorted to at different intervals until attenuation is nearly 
over. The wort is pumped from the lower vessel into the 
yeast back, the valve of course being closed. After well 
rousing with the yeast, the valve is opened, and the arrested 
wort allowed to run back into the square. The whole crop 
of yeast is eventually left in the upper back. This system is 
productive of an excellent yeast crop and bright racking 
beers, and of very brisk and well-conditioning beers. We do 
not consider that stability is so pronounced as in other 
systems where the wort is transferred from one vessel to 
another while in course of fermentation. 

Upon the Edinburgh or rousing system the beer is run 
down into a second square, leaving the yeast behind in the 
primary vessel. The fermentations arc kept well roused. 
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and attenuation proceeds very rapidly indeed, although the 
range of temperatures employed is similar to the ordinary 
skimming process. The rise of heat, however, is, of course, 
more rapid, corresponding to the quicker attenuation. The 
fermentation is sometimes completed in 35 hours, when the 
beer is let down into the second square, where a protecting 
layer of yeast covers the surface. From this secondary vessel 
the vessel is racked about 36 hours after " squaring.” The 
time of settling naturally varies, as docs that of the fermen¬ 
tation. In some cases the whole process is completed in 
60 hours, and occasionally in even less. The rapid fermenta¬ 
tion has, as might be expected, an enervating influence upon 
the yeast, and considerable care is needed to keep it in 
healthy condition. 

The characteristics of beers fermented under different 
systems will in part depend upon the structure of the vessels 
employed, and upon the means taken for aerating and agitat¬ 
ing the wort and for expelling the carbonic acid. In those 
systems where agitation, aeration, and gas expulsion arc com¬ 
plete we expect a cleaner tasting and sounder beer than where 
these conditions do not apply. By aeration we invigorate 
the yeast, inciting it to ferment out substances like the lower 
maltodextrins, which might remain unremoved when yeast is 
uninvigorated. By expelling the gas, we incite the'rcproduc- 
tion of the yeast, and the consequent removal of nitrogenous 
matter and phosphates. By agitation we bring the cells into 
contact with fresh fermentable matter and remove them from 
the environment of alcohol. 

So far as structure of vessels is concerned, depth as affect¬ 
ing pressure is the most important consideration. Pressure 
exerts an influence upon the by-products of fermentation, 
and will, therefore, influence flavour. When pressure is ex¬ 
cessive natural gas evolution is restricted, and the reproduction 
of yeast may be interfered with. Again, the deeper the vessel, 
the more difficult is aeration by rousing and similar devices. 
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The yeast used for pitching purposes should be preserved 
in as dry and as cold a state as possible, and preferably in 
slate tanks, provided with false sides and bottoms, through 
which ice-cold water can percolate. These tanks should be 
kept in a room reserved for this purpose, and quite removed 
from all sources of contamination. Pitching yeast should be 
as fresh as possible; it is a mistake to keep it with the object 
of maturing. 
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CHAPTER VIII. 

THE RACKING AND STORAGE OF BEER. 
Settling and Racking. 

When the main fermentation is over, and when, in fact, the 
beer has attenuated to the proper degree, and when the bulk of 
the yeast has been worked out, it is run either direct to casks 
or first through a settling or racking back, and thence to casks 
after some hours' (three hours to fourteen hours) standing 
in that vessel. This vessel is not used in all breweries, but 
on certain systems, such as the Burton and the stone-square 
system, its employment is almost invariable. On the skim¬ 
ming system its use is frequent though not invariable. The 
vessel is certainly a convenience; large bulks of beer lie here 
and are rapidly and easily treated with priming (g.v.), caramel 
(q.v.), antiseptics (q.v.), or cold-water malt-extract (q.v.). The 
addition of any of these things at this stage clearly involves 
very much less labour than their addition to a hundred or 
more casks. Apart, however, from economising labour, the 
settling back, by the surface it exposes to the wort, gives it 
an opportunity of depositing some of its yeasty and other 
suspended matter, and the separation of these matters at this 
stage will reduce the subsequent amount of sediment or 
“ bottoms" in the casks. In many trades this reduction of 
bottoms is a thing to be aimed at On the other hand, the 
vessel has its disadvantages—at any rate during the summer 
months; for, whatever precaution be taken, the use of the vessel 
renders inevitable a certain agitation and consequent aeration 
of the beer. Aeration during fermentation and under due 



396 A Text-Book of the Science of Brewing. . 


control is required; but aeration of beer—and the consequent 
expulsion of carbonic acid—must always tend to a resuscita¬ 
tion of yeasts, which at that stage should be somewhat torpid; 
and in summer time, when there is naturally a predisposition 
towards fretfulness, the aeration of beers at this stage is not 
without danger. Then, too, in the summer time exposure to 
the air will mean exposure to infection. Considering the 
advantages and disadvantages of the vessel, it may be said, 
that except in the height of summer, its use is at least 
desirable—the benefits outweighing the disadvantages. Even 
in summer, when the transference of wort is so conducted 
as to limit agitation and aeration to a minimum, the vessel 
may be safely used, if beer is not exposed there for more 
than a few hours. 

After settling in this vessel for the desired time the beer 
is run off into casks. In this process the only precaution 
necessary is to avoid unnecessary aeration and agitation of the 
beer, and unnecessary fobbing. By having the racking hose 
or sleeve long enough to reach the bottom of the cask, we 
sufficiently guard against these risks. When the beer is 
racked straight from the fermenting vessel into casks, the 
same precautions must be taken. 

In the case of running ales, the casks into which beer is 
racked from fermenting vessels or settling casks are the trade 
casks. In the case of stock beers, the casks into which the 
beer is run are frequently larger than trade casks—butts or 
puncheons; then, as beer is wanted, it is drawn from these 
larger casks. In many concerns, however, the beers of all 
classes are racked at once into trade casks. In selecting one 
of these alternative plans the following points must be con¬ 
sidered. When much of the trade is in very small casks, such 
as 4& gal., 6 gal. and 9 gal. casks, it is not desirable^ in the 
case of store beers, to rack beers direct into such small casks. 
Putting aside the undesirability of storing beer in very small 
bulks (which will be considered presently), it must be remcm- 
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bcrcd that the smaller the cask the greater the area of wood 
surface do we expose to the beer. As the wood surface is 
always likely to be contaminated, it is clearly unwise to pre- 
serve beers for any time in small vessels. When, on the other 
hand, the beer goes out in barrels, it is desirable to rack beers 
direct into these vessels. In such vessels the wood surface 
exposed is not excessive, while the bulk is sufficiently great 
(see p. 393). It is clear, too, that where the racking from 
store casks into trade casks can be avoided, it is best to so 
avoid it—for the racking at this point will necessarily mean a 
certain loss of beer, and an inevitable agitation and aeration 
and expulsion of carbonic acid, and the double danger of 
contamination in store cask and trade cask. 

Practical men are well aware that bulk has a most impor¬ 
tant influence upon the flavour, condition, and, in some degree, 
stability, of beer, the superiority lying certainly with beer 
stored in large bulk. That this is so is in all probability due 
in great measure to the influence of the pressure connoted by 
bulk rather than of bulk itself. H. T. Brown showed that the 
products of fermentation varied somewhat with the pressure, 
this applying more particularly to the by-products than to the 
main products of the fermentative change. Thus at high 
pressure less aldehyd and acetic acid were produced, under 
otherwise the same conditions, than at low pressure. Now, it 
is upon these by-products of fermentation and of aiter- 
ferincntation that the flavour of beer is in a great measure 
dependent There is every reason to suppose that pressure 
will exert an influence upon cask fermentation similar to its 
influence upon primary fermentation, and it is by no means 
unlikely that it is to the influence of the greater pressure upon 
the cask fermentation products that is due the superior flavour 
of beers stored and conditioned in relatively large bulks. 
Again, Muller showed that diastase is far more active under 
great than under low pressure. Now, although we have no 
diastase to deal with in our finished beer, yet the ferment 
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secreted by the secondary yeasts, and upon which we depend 
for the gradual degradation of maltodextrins into maltose, 
is undeniably a ferment very strongly akin to diastase, and it 
is therefore not unreasonable to suppose that the activity of 
this ferment will be appreciably assisted by pressure. If that 
be so, it will not be hard to understand why beer stored in 
great bulk (i. e., under great pressure) should condition better 
than that stored in small bulk. Apart, too, from the more 
rapid degradation of the maltodextrins, the gas .produced 
under high pressure will be far more likely to actually dis¬ 
solve in the beer than that developed under low pressure. 

So far as stability is concerned, we know that a satis¬ 
factory conditioning will of itself conduce in a very marked 
degree to the checking of bacteria, and therefore to sound¬ 
ness ; but, as has been previously stated, any given volume of 
beer stored in large vessels will be exposed to a very much 
smaller wood surface than the same bulk stored in small 
vessels; and since the wood surface is usually more or less 
contaminated, the smaller the area of it in contact with beer 
the better for stability. 

When beer is racked there is still a considerable amount of 
residual normal yeast in it which can be well dispensed with. 
Brewers are in the habit of leaving the bungs of their casks 
out, or loose, for some time, in order to give the yeast 
an opportunity for clearing itself out. The yeast makes 
its appearance in the form of a foam, and it and the beer asso¬ 
ciated thus fall over the side of the casks. This waste is 
made up for by topping-up the beer with fresh beer. The 
topping-up process, however, is not invariably carried out; 
but in the case of running ales which it is decided shall 
fine shortly after racking, it is a good and useful plan. When 
the beer has purged itself of the excessive yeast, the cask is 
shived down tight, vent being given when necessary by a 
porous spile. The porous spile is afterwards driven in tight 
when no further vent is needed. Some brewers shive down 
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their beer at once after racking. This system gives enormous 
condition, but it is generally only permissible when beers 
have been fined in the fermenting vessel (see p. 413). By 
fining at that stage most of the yeast which is usually trans¬ 
ferred with beer into casks is retained in the fermenting-tun. 
There is, however, more to be said against this system than 
in its favour. . 

There are probably no two breweries where the system of 
managing the beer in cellar is precisely the same, for every 
brewer will have to arrange his cellar management according 
to the degree of briskness desired by his customers, to the 
length of time beer is in cellar, and according to various 
trade considerations of that sort. To discuss each system 
would not be possible; it will be sufficiently seen, from what 
has been said that by opening or closing bungs immediately 
after racking, by topping-up, by porous spiling, that we have 
the management of the beer under control. 

Of the cellars themselves the main points are a low and 
even temperature, and absolute cleanliness. Upon the tem¬ 
perature of the cellar will depend, in great measure, the 
correct heat at which beer should be racked. It is desirable 
in winter to rack it one or two degrees below cellar tempera¬ 
ture, so that it shall not chill (and therefore cloud) after 
racking. In summer the racking temperature should about 
equal cellar temperature; if, as in winter, it be appreciably 
below it, there will be a risk of fret incident to this rise. The 
brewery cellar heat, however, must not be chosen quite irre¬ 
spective of the inferior cellar accommodation found on the 
consumers' premises. Consumers' cellars are generally hot in 
summer and cold in winter. Although the brewery cellar 
should be even in temperature, it should not be too low, 
otherwise frets in summer can certainly be anticipated. An 
even temperature of about 55° I\, will generally be found to 
best meet practical requirements. 
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The Dry Hopping of Beers. 

The addition of hops to the trade cask is a very usual 
practice in the case of all beers which are kept some time, 
and in which a distinct hop aroma and flavour arc desired. 
The practice, therefore, more particularly applies to pale ales 
than to mild ales, or stouts and porters; but even in these 
other classes of beer it is sometimes carried out, though not 
very frequently. The hops are added at racking, or shortly 
afterwards, the quantity used being from J to I lb. per barrel. 
For this purpose it is customary to employ only high-class 
and thoroughly sound hops, since impurities introduced with 
hops at this stage would tell to the full, not being subject to 
the purifying influence of boiling, as they are when added to 
the copper. This precaution is imperative. It is also usual 
to choose hops of rather a delicate and mild character; such, 
for instance, as Worcesters; hops from this particular district 
enjoy a deservedly high reputation for this purpose. 

The continued length of contact between the beer and the 
cask-hops serves to extract the bitter principle to some 
extent, but more particularly the oils, to which, it will be 
remembered, the delicate aroma and hop-flavour are more 
particularly due; in the copper these oils are in great part 
dispelled, unless some of the hops are reserved till shortly 
before turning out the worts. But in the cask the full yield 
is obtained when the beer is stored for a moderate time. So 
far as the resins are concerned, it is probable that only a small 
amount of them is extracted by the finished beers. Yet 
such amounts as are extracted would appear to be of an 
antiseptic character, for there is no doubt that dry hopping 
much conduces to the preservation of the beer, and there is 
no other constituent extracted from the hops at this stage 
which could account for the marked effect so obtained. 

The influence of dry hopping is principally in the way of 
improving the flavour and the stability of beers ; but it exer- 
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ciscs other functions as well. The hops have adherent to their 
surface, besides some kinds of bacteria, several varieties of 
wild-yeast, and these varieties will promote after-fermentation 
by assisting the ordinary cask-yeast to degrade the malto¬ 
dextrins. It is at any rate certain that a dry-hopped beer 
will condition more rapidly than the same beer not treated in 
this fashion. Besides this, the cask hops are of the greatest - 
help in preserving casks. This is of special importance in 
the private trade, and in agency trades, where casks are 
frequently kept some time after their contents are consumed 
before they are returned. So far as brilliancy is concerned, 
unless the cask hops added amount to over ± lb. per barrel, 
they do not apparently delay clarification by fining. When, 
however, the hop rate exceeds } lb. a rather long time should 
be allowed before the finings are added ; but this constitutes 
no objection to the process, since such large rates as these 
would only be used for stock ales to which finings in the 
ordinary course would not be added until some time after 
the introduction of the cask hops. 

The Conditioning of Beer. 

Broadly put, the conditioning of beer depends upon the 
degradation of the maltodextrins into maltose at the instance 
of the cask-yeasts, the so-formed maltose being then fermented 
by these yeasts. The wort containing a sufficiency of malto¬ 
dextrins and the beer a sufficiency of cask-yeasts, condition- 
ing will proceed with regularity and sufficient persistency. At 
the same time circumstances sometimes arise which interfere 
with condition, even in the presence of an adequate amount of 
maltodextrins. In some cases, when the worts are unduly 
aerated during fermentation, the beer is racked too “ clean,” 
that is containing an insufficient quantity of yeast—cask-yeast 
in that event being proportionately reduced. Again, the yeast- 
cells especially in heavily hopped beers, get frequently so 

2 D 



402 A Text-Book of the Science of Brewing . 

coated with hop resins as to expose but a small surface to the 
beer itself; and when the casks remain at rest for some time 
and the beer is therefore quiescent, the cells are in addition 
surrounded by a film of the alcohol which they have ejected 
during the earliest stages of cask-fermentation, and which 
prevents the contact between the ferment and the ferment¬ 
able matter. It is not surprising, therefore, when beers are 
stubborn to condition, that vigorously rolling the casks is 
found in practice to be an excellent remedy. By so doing 
we disturb the alcoholic film surrounding the yeast-cells, 
bringing them into direct contact with the fermentable matter; 
and, so far as the hop-resin coating is concerned, we give the 
exposed portions of the cells more chance of doing their 
work by changing their position in the beer. 

It may be safely said that conditioning will always be 
accentuated by agitation, and no safer plan can be adopted 
than cask rolling when beers are defective in this respect 
Brewers know that a sample cask of their beer in their own 
cellars will often be dull and unsatisfactory, while other 
casks of the same brewing sent into the trade will be quite 
the reverse. That this is so is primarily due to the thorough 
agitation the casks get during their journey. It has been 
suggested that brewers should judge their beer not from a 
quiescent cask, as they now do, but from the behaviour of a 
sample cask that has been purposely sent on a journey and 
then returned to the sample cellar. 

Temperature will of course play some part in promoting 
or retarding condition ; sudden chills, or the protracted storage 
of beer at unduly low temperatures will of course tend to stop 
the change; while unduly high temperatures will tend to 
convert it into a fret 

Again, the point at which finings are added will have an 
appreciable influence upon the rapidity or otherwise of con¬ 
dition—the early addition of finings retarding condition by 
enveloping the cells in a gelatinous mass, thus preventing 
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their contact with the beer. In all cases of stubbomess of 
conditioning the addition of linings should be postponed until 
the condition has started in good earnest, either naturally or 
artificially. On the other hand the addition of finings at an 
early stage is a convenient means for dealing with beers that 
tend to become unduly brisk. 

But when all is said and done, it is the carbohydrate 
proportions which primarily determine the satisfactory or 
unsatisfactory conditioning of a beer. With a lack of malto- 
dextrin there will always be difficulties; for even if there be a 
sufficiency of the very low maltodextrins, which appear on 
analysis as free maltose, the condition due to these will always 
be transient, and after a short period of evanescent briskness, 
such beers as these will become flat, and will then tend to 
become unsound. 

Beers consumed quickly may, however, be safely given a 
species of cask-fermentation, by adding to them some sort of 
fermentable sugar in solution. Such additions as these are 
termed priming, and it is customary to add them in the form 
of a syrup of about 1150 sp. gr., of which the Excise permit 
the employment at the rate of two quarts per barrel of beer. 
The sugars generally employed for this purpose, are invert- 
sugar, glucose, and cane-sugar; of these, invert-sugar is the 
favourite, as, in addition to ready-fermentability, it imparts 
during the early stages, a luscious sweetness which confers an 
apparent extra gravity on the beer. Glucose is also used, but 
more particularly in pale ales, where a dry flavour is more 
desired than the sweet fulness of invert-sugar. The very 
appreciable amount of unfermentable matter contained in 
glucoses, however, renders them less suited for priming pur¬ 
poses than are invert-sugars. Cane-sugar is not often used 
as priming except in stout and porter brewing. The fermen¬ 
tation of the priming sugar throws no burden upon the 
secondary yeasts, since it is readily fermentable at the in¬ 
stance of the residuary primary yeasts; it is at any rate a 
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form of cask-fermentation which can always be relied upon, 
generally making its appearance within three or four days 
of the addition of the sugar. In the case of running mild ales 
the priming is added as a rule to the settling square; thus 
saving time and labour, and sufficiently answering the purpose 
for such beers as these, especially where the trade is a quick 
and uniform one. In the case of pale ales, or superior ales 
generally, it is best to add the priming to each individual cask 
just before it is sent out into the trade. By so doing, the cus¬ 
tomer gets the beer at its best, and with moderately quick 
draught the after-fermentation, due to the priming, will last 
out the required time. If in these cases the priming were 
added to the settling back, it would probably be all over by 
the time the beer was required in the trade. Priming solutions 
should always be boiled; they should be made with the 
purest material, and made fresh at least once a week in 
winter, and every three days in summer. 

Some brewers prefer rather to assist the yeast in degrading 
the maltodextrins into maltose, than to add extra fermentable 
sugar. To do this they add to the beer a small quantity of 
cold-water extract of malt, which, containing active diastase, 
will supplement the action of the secondary yeasts in degrading 
the maltodextrins. Only a small quantity needs to be used ; 
larger quantities would produce too rapid a removal of the 
maltodextrins, and this excessively early disappearance would 
be obviously dangerous in regard to the stability of the beer. 
Pale ales will stand one pint of concentrated extract per one 
hundred barrels of beer, added at racking; running ales double 
that amount* The condition produced in this way is a steadier 
and more lasting condition than that produced by priming, 
and it is in most respects preferable to it It depends, 

* Take two ports by weight ground pale malt, five parts by weight cold 
water; soak for six hours, stir periodically, then strain off and filter the solution 
through flannel. One pint of the solution to be used as above stated for too 
barrels of pale ale, and one quart to the same araouut of running ale. The extract 
to be made fresh on each occasion, The grains are to be discarded. 
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however, upon having a sufficiency of maltodextrin naturally 
present; priming, on the other hand, is independent of this. 
When the extract cannot be conveniently added to the beer 
in racking vessel, it may be added to the individual casks In 
that case, it is previously diluted with beer to such an 
extent as to permit of the quantity due to each cask being 
sufficiently appreciable to be conveniently measured. 

The Clarification op Beers. 

Beer nowadays is demanded in absolutely brilliant con* 
dition, and however good it may be in other respects, it will be 
returned to the brewer as unsaleable if it is in the least cloudy 
or turbid. That such is the case is probably due, first, to the 
importation into this country of Lager and Pilsener beers 
(which are always brilliant), and to the substitution in public 
houses and restaurants of the old-fashioned mugs by glasses. 
The brewer has therefore to strain every nerve to send out 
beer which will be absolutely brilliant within a very short time 
of its delivery at the customer’s cellars. It is owing to this 
demand for brilliancy, and also owing to a demand for fresh 
rather than for stored beer, that clarification is now almost 
entirely artificially effected. Many beers now brewed are 
capable of going bright spontaneously if kept sufficiently 
long ; but such beers would, although bright, not come up to 
the required standard of brilliancy, while the storage necessary 
for their arriving at the moderate stage of brightness, would 
in many trades not be permissible on account of the undesired 
maturity of flavour it would lead to, and on other grounds 
of a commercial character. 

The fining material used in this country is almost ex* 
elusively isinglass, "cut” with acid of some sort Many 
brewers make their own finings by cutting isinglass in returned 
sours, the acetic and other acids of returned beer serving to 
soften and dissolve the isinglass. The beer used for this 
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purpose is, or ought to be, stored until it has spontaneously 
brightened. All beer turbid with decayed yeast and acid- 
forming bacteria would be obviously dangerous. When the 
old beer has become perfectly bright, it is capable of making 
finings possessed of great clarifying power, and for running 
ales such finings are permissible. They are, however, un¬ 
desirable for pale and other delicate ales. Apart from the 
danger of infecting the beers with organisms derived from 
the old beer, there is always a tendency for beer fined by 
these old beer finings to show up the acid flavour after it has 
been kept for some time. The amount of acid added with 
these finings becomes perceptible on the palate when the beer, 
after continued storage, has lost most of its body. 

The safer way of softening and dissolving the isinglass is 
to use a mixture of sulphurous and tartaric acids. Sulphurous 
acid used alone gives finings of somewhat poor clarifying 
properties; tartaric acid used alone gives finings likely to 
become mouldy during manufacture or storage, although the 
finings themselves have good clarifying properties. But finings 
made from a mixture of the acids have satisfactory clarifying 
properties, and they keep thoroughly well. 

In making finings there are two points to which the 
strictest attention should be paid: first, the scrupulous 
cleanliness of the vessels and implements employed; second, 
the absence of all hurry or haste in the manufacture. The 
necessity for cleanliness is obvious, for isinglass in solution is 
a highly putrescible body. The vessels used for dissolving 
and cutting, and storing, should be of slate, and kept in a cool 
place out of contact with the dirt and dust of the brewery. 

So far as the necessary slowness of the process is concerned, 
experience has shown that when the finings are prepared 
hurriedly, that is, when the only partially softened and dis¬ 
solved glass is prematurely forced through sieves, the product 
is only apparently of uniform gelatinousness ; as a matter of 
fact it then consists of numerous little masses of dissolved 
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gelatine with shreds of undissolvcd isinglass. Such prepara¬ 
tions as these give very unsatisfactory results; in the beers 
they are apt to break up into small bits, which instead of 
sinking to the bottom of cask, or working out of it, are sus¬ 
pended throughout the bulk of the beer, and when the beer 
is tapped they come through the tap with it This " bitti¬ 
ness,” as brewers term it, is a frequent source of trouble, and 
the cause of many barrels of returned beer. 

A full month should be given for the preparation of finings, 
and it is well to give it a double sieving, the first through a 
rough sieve at the end of say twenty-five to twenty-six days 
from the time of soaking; a second through the fine sieve, 
three or four days afterwards. So far as the quantities of 
material are concerned, the following recipe of Southby's has 
been found to give excellent results in practice. 

To every seven pounds of isinglass, we require one pound 
of tartaric acid and one pound of sulphurous acid (of about 5 
per cent strength). The isinglass is placed in an unheaded 
hogshead, provided with a cover. It is covered with water, 
ami the tartaric acid and sulphurous acid added, the tartaric 
acid being previously dissolved in a little warm water. The 
mixture is kept covered down and well stirred from time 
to time, more water being added as the isinglass swells, so 
that it may always be covered with liquid. When the isinglass 
is thoroughly softened (in about twenty-five to twenty-six 
days) it is passed through a coarse sieve into another un- 
headed hogshead (also provided with a cover); it is now, 
after two or three days, passed through a fine sieve, and then 
diluted to one hogshead. 

The clarification of beer by finings is still a somewhat 
obscure process. The finings are in solution, or in a state 
bordering on solution, and when these are introduced into 
a fluid-like beer, containing particles in suspension, the finings 
seem to come out of solution, and coagulate ; and in coagu¬ 
lating imbed in themselves the suspended particles in question. 
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The coagulum will thus rise or fall according to the specific 
gravity of the liquid, and according as to whether the liquid 
is evolving gas. In the latter case, the coagulum will rise 
even though the specific gravity of the liquid, may not be 
greater than that of the coagulum ; in this case, the ascent of 
the coagulum is due to the particles of gas attaching them¬ 
selves to it and buoying it up until it reaches the surface. 

It would appear that the reaction of the liquid to be fined 
has an important bearing upon the coagulation of the finings, 
for so long as the liquid is as acid as the finings themselves 
there would be no reason for them to change their dissolved 
or semi-dissolved condition. But when they are introduced 
into a fluid less acid than themselves, there will be a tendency 
for the finings to come out of solution. So far as beer is 
concerned the degree of acidity certainly does seem to play 
a part in determining the rapidity of clarification ; for, other 
things being equal, a beer brewed with a high proportion of 
saccharine will fine more readily than an all-malt beer ; 
and in a saccharine-brewed beer the acidity will be reduced 
proportionately to the amount of saccharine employed. Again, 
an acid beer is invariably difficult and even impossible to 
fine; and such a beer may be frequently made to fine by 
neutralising the whole or a part of the acidity. It may well 
be that the transference of the finings existing in a decidedly 
acid medium into a less acid medium is the exciting cause 
of their precipitation or coagulation. 

It was believed for some time that the precipitation of 
the finings was due to the tannin left in the beer derived 
from hops added to copper. But, as has been previously 
explained, there is no evidence to prove this. In fact, such 
evidence as there is, would negative such a hypothesis. The 
coagulation of finings would appear to be not at all a chemical 
process, but purely a physical one. 

The nature and quantity of the particles in suspension, 
however, play a great part in determining rapidity and 
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efficiency of clarification. A beer which is almost fine 
will not so readily become partially brilliant as one which 
is moderately cloudy. The finings would appear to require 
something in the nature of an obstacle upon which to exert 
themselves. Again, the nature of the suspended particles is 
of material influence. When they are very fine, like the 
particles of hop resins previously referred to, the finings seem 
powerless to separate them ; even very small yeast-cells and 
bacteria offer difficulties in the way of clarification. But 
ordinary sired yeast-cells seem not at all resistant to finings, 
even when the beer is quite milky with them. 

Defective Fining of Beers. 

The causes of defective fining may be summarised thus:— 

(a) Hop-resins. 

(b) Yeast. 

(c) Bacteria. 

(d) Flatness of beer. 

(a) Hop-resin Turbidity .—Primarily this may arise from 
some obscure and unascertained defect in the hops, but as we 
have to take hops as they are given to us, it becomes necessary 
to ameliorate any such defects by indirect means. The ex¬ 
cess of resin in the beer (putting aside the question of hops) 
must be attributed to the defects on the part of the yeast, in 
point of not eliminating them as they should do, during the 
primary and secondary fermentation. This very frequently 
is the fault of the yeast, which should in such cases be 
changed ; or it may be due to the yeast directly and the wort 
indirectly ; that is, the yeast has become abnormal through 
being cultivated in abnormal worts. In this case, too, the yeast 
should be changed. In many cases, however, it is directly 
due to defects in the carbohydrate proportions in the worts— 
more particularly to a lack of maltodextrins. When this is 
the case, the beers do not condition ; and there being nothing 
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so effective for the elimination of resin as a brisk'cask-fer¬ 
mentation, the absence or the incompleteness of this process 
leaves a great deal of uneliminated resin suspended in the 
beer. In all cases of hop-resin turbidity, then, the materials 
and mashing system should be so adjusted as to secure an 
abundance of maltodextrin. But condition artificially induced 
is not without use, and the addition of priming sugar as a 
temporary measure is of service in such cases. When there 
is a sufficiency of maltodextrins, and when owing to some 
defect in the yeast it appears unable to degrade them, the 
addition of some diastase solution (cold-water malt-extract), 
or of a very little yeast (about a teaspoonful per barrel) from 
the very last risings will be found of use. Yeast which rises 
quite towards the end of fermentation contains a very large 
proportion of secondary varieties. 

But attention must also be paid, in all cases of hop 
turbidity, to the hot aeration of the wort; for, as has been 
explained, it is the aeration of wort hot which best promotes 
those changes by which the hop-resin particles are rendered 
denser and more coherent 

It is more particularly mild beers that give rise to 
trouble in the direction of hop turbidity—not that such beers 
arc inherently more predisposed to it than pale ales; in fact 
they are less so, since they contain less hops. But the fact that 
they are required bright almost immediately, outweighs the 
above point Many mild beers which refuse to fine at the 
time they are required, would easily do so if kept for a month 
or so, like pale ales arc kept But the demand for fresh mild 
beers and the relative instability of running ales, renders their 
storage impracticable. The principal difficulty in the way ot 
getting a rapid fining action in mild beers affected in this way 
is that the condition has had no opportunity for eliminating 
hop resins. Of course directly finings arc added the condition 
is in great measure interfered with, and thus the very means 
upon which the elimination of the resins depends is in great 
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measure checked. In all such cases, then, and until things 
are put right, the beers should be fined at as late a point as 
possible, and the beers should be kept in the brewery cellars 
for as long a time as is practicable. They should certainly 
not be fined until just before being sent away. Of course 
everything should be done while the beers are in the cellar 
to promote condition: by rolling, priming, and, if necessary, 
by diastase solution, and even by the addition of late yeast— 
of all these, rolling, being the most natural, should be first 
thoroughly tried before recourse is had to the other more 
artificial stimulants. 

In the winter time hop-resin turbidity makes itself felt in 
another form: in the cloudiness that affects beers which are at 
all chilled, even after they have been fined satisfactorily at an 
earlier stage. In great measure this can be avoided by racking 
so low that subsequent chilling is averted, but, as before, brisk 
conditioning should be aimed at by rolling, priming, and the 
other devices mentioned, when cloudiness due to chilling is 
perceived. Obviously, too, the storage temperature should be 
somewhat increased. 

Beers brewed from a change of yeast are frequently turbid. 
This may be due to causes subsequently to be referred to, 
but it is also frequently attributable to the fresh change of 
yeast not properly eliminating hop-resins. Similarly, a 
change of yeast will frequently produce bright beers, materials 
and system being unchanged in other respects. This is due 
to the increased capacity of the fresh yeast to eliminate hop 
resins. 

Beers turbid with hop resins go absolutely brilliant on 
being made slightly alkaline with potash. They go bright on 
digestion at 120° F. for 20 minutes, and on cooling down 
become again cloudy. They go bright (or very nearly so) 
when agitated with ether. These tests will as a rule, serve 
to indicate hop-resin turbidity. 

( 6 ) Yeast Turbidity .—Yeast turbidity may arise in several 
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ways; very frequently it is not in any way connected with 
the yeast itself, being due to the excessive viscosity of the 
wort preventing the proper eilmination of the yeast during 
fermentation, and also preventing the free action of the finings 
when they are subsequently added. This excessive viscosity 
is due, as we know, to an excess of maltodextrins. Yeast 
turbidity, however, also occurs when the worts are not viscous. 
In this case the turbidity is mainly due to small immature 
yeast cells, which cither through inherent weakness or through 
the weakening effects of contamination, or through an ill- 
nourishing wort medium, have not developed to maturity. 

It would appear, too, from Hansen’s researches, that 
there are certain varieties of yeast (Saceh. ellipsoideus) 
which, when contaminating the pitching yeast, or otherwise 
gaining access to the worts in sufficient quantities, invariably 
produce yeast turbidity. Whether or not yeast turbidity in 
this country is ever due to this cause is, however, an open 
question, and one upon which the writers of this book are 
rather doubtful. Yeast turbidity will occur, too, when thq 
beers are fretting—when, in fact, the beer in cask is under¬ 
going a violent fermentation, accompanied, as it generally will 
be, by an excessive reproduction of yeast 

The means of overcoming yeast turbidity are relatively 
simple. When arising from excessive viscosity of wort, the 
maltodextrins must be reduced permanently by lowering 
curing or mashing heats, or employing a higher sugar-rate; 
temporarily by “ dressing” fermentations with diastase solutions, 
or diastatic substances (such as malt, wheat, or other flour). 
The beer in cask can also be dressed with a little diastase 
solution, and thoroughly rolled. When yeast turbidity is due 
to small yeast-cells, the following temporary measures are 
useful as promoting the development of these cells into 
maturity: adding wort from a fresh fermentation, topping up, 
priming, and rolling. Fermentations in progress, too, should 
be well aerated at frequent intervals. As permanent measures, 
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the yeast or wort will require to be altered, according to which 
is in fault 

Yeast turbidity due to frets, can only be satisfactorily com¬ 
bated by avoiding an excess of the very low maltodextrins 
which cause them ; the reasons of this will be clear on reference 
to Chapter VII., p. 378. As temporary measures, the following 
arc useful in the case of frets due to very low maltodextrin 
(those which appear as free maltose on analysis): keeping 
beers thirty-six hours longer in fermenting vessels, using more 
yeast, giving a greater range of fermenting heats, and fining 
as late as possible. The type of maltodextrin should be 
raised by using higher dried malt, or by mashing higher; the 
sugar rate to be restricted, and no M dressing M used during 
fermentation. It is better, on the ground of palate, to attain 
the required maltodextrin by using higher-dried malt than by 
very high mashing heats. 

(r) Bacterial Turbidity .—It is very seldom that beers 
become turbid through bacterial development so early in 
their career as the fining stage. When they do there is no 
temporary remedy, and the brewer should without delay set 
about discovering the causes of the infection. 

(d) Turbidity of Flat Beer .—Flat beer very often refuses to 
fine for a reason quite other than the mere fact of its containing 
particles which are not readily removable by finings. The 
reason referred to is a mechanical reason, and not a chemical 
one. When a beer is in fair condition the finings poured into 
it arc brought by the natural movement of the beer into con¬ 
tact with the great bulk of the liquid. But when the beer is 
quite flat, this is clearly not the case, and in these circum¬ 
stances the finings are brought to operate on only a portion 
of the beer. When flat beers have to be fined, it is of service 
to inject the finings through an injector, or, failing an injector, 
to syringe them in with an ordinary syringe. By this means 
the finings are artificially distributed more or less over the 
whole bulk of the beer. 
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The Bottling of Beer. 

Beer destined for bottling should be made of high class 
materials, and be brewed in winter. It ought to possess 
sufficient stability to be storable without deterioration, until 
it shall clarify naturally. Beer made on these lines should 
be permitted to go through the ordinary cask fermentation, 
and then flatten. When thus flattened (but still just about 
saturated, although not supersaturated, with gas) it should be 
bottled, and the bottles stored in a warmish place (about 65° to 
yo° F.). The warmth of the bottle store will soon resuscitate 
the residual yeasts, and the beer will then come into the 
required degree of briskness. Bottle fermentation induced in 
this manner produces the pleasant pungent flavour charac¬ 
teristic of bottled beer, and it will be sufficiently brisk. Beer 
bottled earlier, i. c., during the actual secondary fermentation, 
becomes tumultuous in bottle. It gives a tremendous foaming 
head, but the beer itself is flat and flavourless, and frequently 
turbid. Beer of this sort, of which of course there is much 
turned out in these days of competition, has to be fined, for 
bottled when it is, there has not been time for natural 
clarification. 

Bottled beer as made in this country must necessarily 
always have a sediment Fermentation in bottles must 
necessarily be accompanied by a reproduction of yeast, so 
that even if bottled fine, a sediment will inevitably be formed 
after storage. To obviate this sediment, or at any rate retard 
it, an alternative system of bottling has lately been introduced. 
On this system the requisite briskness of beer is produced, not 
from the gas produced during the fermentation in bottle, but 
from gas artificially produced and pumped into the beer by 
machinery similar to that used in the manufacture of aerated 
waters. Bottled beer made on these lines requires no storage, 
and on that account does not demand the high-class materials 
necessary in the case of beer brewed in the usual way. The 
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system answers well for light, cheap, bottled ales, for which 
there is now a demand; but the flavour is very different 
from beer bottled in the usual manner. The characteristic 
pungent flavour is entirely wanting; this flavour is probably 
due to the actual solution of gas into the beer which occurs 
when it is slowly produced, and under the combined influence 
of pressure and time. 

Tub Use of Caramel. 

Local considerations frequently compel brewers to darken 
the shade of the beer as naturally produced. This is some¬ 
times done by using a little coloured or patent grist in the 
mash-tun or copper, but more frequently by adding caramel 
either to copper or to the beer itself. There is no scientific 
change to be studied in this connection; the amount of 
caramel added being solely dictated by the depth of shade it 
is desired to attain. Caramel added to beer should be of 
good quality, that is, its tint should be permanent during 
storage and during fining, and it should never be thrown out 
as a fine powder, as sometimes happens with inferior products. 

Caramels are sometimes added to stouts and porters, less 
with the object of adding to colour than of conferring fulness. 
Caramels made at relatively low temperatures from dextrose 
sugars contain a substance which is unfcrmentable by yeast, 
both primary and secondary, and which possesses a sweet 
flavour. This substance may possibly be an anhydride of 
dextrose—dextrosan—at any rate its properties, chemical and 
physical, would appear to agree with those of the body named. 

A useful instrument for determining the amount of caramel 
to be added in order to produce a given shade is Lovibond’s 
Tintometer. This appliance standardises tints of beer, by 
certain selected tinted pieces of glass, which are graduated 
and numbered according to their depths of tint, and which 
build up with fair accuracy to form deeper shades. These 
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coloured glasses are permanent in colour, and they are there¬ 
fore superior, for purposes of comparison, to standard beers 
or caramel solutions. 


Antiseptics. 

Chemical substances possessing an antiseptic action have 
now been used for some time at various stages of the brewing 
process—sometimes in the mash, sometimes in copper, but 
much more frequently in the finished beer; and it is on this 
ground that we shall treat of them in this chapter. The 
antiseptics usually employed are various forms of sulphite— 
bisulphite of lime being the most popular. Other sulphites 
are: sulphite of sodium (Beane's material), sulphite of potas¬ 
sium (“K.M.S."), sulphite of magnesia, &c. The only 
substance other than a sulphite which is at all largely em¬ 
ployed is salicylic acid. 

Bisulphite of lime is a solution of sulphite of lime in 
sulphurous acid, and on the whole it may be regarded as the 
most satisfactory of these chemicals. In some breweries it 
is unusable, on account of the tendency to yield sulphu¬ 
retted hydrogen—familiarly known as stench. Tliis action 
is due to the reduction of the sulphurous acid by bacteria. In 
most breweries, however, bisulphite is usable, and without 
any apparent tendency towards decomposition. It may be 
broadly said that when a brewery is able to use bisulphite, 
its plant is cleaner and its materials sounder than when its 
use leads to the unpleasant smell of sulphuretted hydrogen; 
for it is a fair presumption that in the former breweries the 
infection is low, and that the beers form an indifferent 
medium for the development of bacteria. 

When bisulphite is inadmissible, the other sulphites 
mentioned may be usable without harm, for, in proportion 
to their inferior preservative powers, they are less liable to 
be decomposed. 
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Salicylic acid is a powerful antiseptic, and is more useful 
for running than for stock ales. It is liable during lengthy 
storage to decompose, and to form unknown substances of 
objectionable flavour; but during short or moderate storage 
this change does not occur. It is open to the objection of 
flattening beer. That this is so is probably due to its 
restricting the ferment, secreted by cask-yeasts, upon which 
we depend for a breaking down of maltodextrins. At any 
rate salicylic acid has a very marked restricting influence 
upon diastase, and it is a fair presumption that it will similarly 
react upon the ferment in question, which in so many of its 
properties is similar to diastase. 

We consider that antiseptics have their use, and in due 
moderation we believe that they are harmless to the consumer 
and of service to the brewer. But we very strongly protest 
against their abuse, and we very strongly object to their employ¬ 
ment as a means to mask defects ,of material, system, or plant 
cleanliness. Used in this illegitimate way, they must inevit¬ 
ably lead to disappointment and trouble, and we arc bound to 
say that any such trouble is abundantly deserved. The 
brewer who doses his beer with chemicals to hide his ignorance 
or carelessness, or the inferiority of his materials, will never 
succeed in his object; for under these circumstances the 
resulting beer will be nauseous in two directions: nauseous 
from the mere flavour of the substances added, and nauseous 
from their decomposition products. 

Why these substances should possess an antiseptic action 
we do not know. In the case of the sulphites, it is ascribed 
to their oxygen-absorption capacity; yet on the other hand, 
they are capable of parting with oxygen as well as 'absorbing 
it, as is evidently the case when they are reduced to sulphu¬ 
retted hydrogen. In the present state of our knowledge, 
it is advisable only to say that they arc actively antiseptic, 
without venturing on any explanatory hy|>othcsis. 
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Interpretation of the Analysis and Examination 

of Beers. 

From the results of the analysis and examination of 
beer, it is possible to form an opinion as to the soundness and 
general quality of that beer; and where it is defective, we 
get some indication of how the defects have arisen, and there¬ 
fore how they can be avoided in future brewings. 

So far as the analytical figures are concerned, we consider 
that the percentage and the type of the maltodextrins are the 
most important points. In beers just racked and when no 
sugars have been used, we like to see about 12 to 16 per cent, 
of total amylolns referred to original wort solids. We have 
found that any less amount of these constitutes a deficiency, 
and that beers containing any such deficiency, will be unsatis¬ 
factory in point of fulness, condition, and stability. Any 
excess over 18 per cent would, as a rule, constitute an 
excess, resulting frequently in turbidity. Due regard, however, 
must be paid to the original gravity of the beer, for the above 
percentages referring to solid matter, beers of different gravity 
will actually contain very different rates of amyloYns although 
the percentage of them may work out the same on wort solids. 
We should therefore demand a higher rate in a weak, than 
in a strong beer, and vice vers & 9 but the limits of 12 to 16 
per cent on wort solids, will generally cover variations due to 
this source, and will apply to all malt beers recently racked. 

In beers brewed with malt substitutes (sugars) we expect 
a lower maltodextrin rate; but in no circumstances do we 
consider it safe to have a lower percentage than 8-10 for 
running ales, and 10-12 per cent for stock ales. 

So far as mean type is concerned, we require a higher type 
for store beers of all kinds, than for running beers. So far as 
freshly racked beers are concerned, we regard any mean type 
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~ D as dangerously low, while any type higher 
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than {*“ may ^ considered excessively high. In com¬ 
paring the types of amylolns in beers, and those in the worts 
which yielded them, we have observed the former decidedly 
lower than the latter. For instance, in well-brewed pale 
ale worts, there is a general tendency towards a mean 
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, « ? ; the resulting beers, however, contain amylolns 
of about jj ^ mean type. There is clearly a degradation of 


type occurring during the brewery fermentation or during the 
analysis of beers ; and due allowance must be made for this 
fact Of course, during storage, there is a very decided 
degradation in type, and a lowering of the maltodextrin per¬ 
centage ; but we presuppose that beers are analysed imme¬ 
diately after racking, and the above remarks are made on that 
assumption. When, for any reason, beers are analysed after 
considerable storage, great allowances must be made on that 
account Wc do not consider it necessary to enter upon this 
point however, since beers analysed for general character, &c., 
should be examined before they have undergone the changes 
which storage inevitably induces. 

The very low maltodextrins which are unfermented during 
the brewery fermentation, but which ferment out during the 
laboratory fermentation (see p. 385), and which have therefore 
been hitherto erroneously regarded as free maltose, arc 
evidently substances which should be avoided, or at any rate, 
be reduced to a minimum, in beers brewed in summer weather, 
or for summer consumptioa For such beers will evidently 
tend to fret when the conditions of temperature and the nature 
of the yeast present arc such as lead to their very rapid degra¬ 
dation and fermentation. Wc therefore consider that stock 
liccrs and sunimcr-brcwcd running ales should not contain 
more than 2 per cent (on original wort solids) of these bodies. 
On the other hand, winter-brewed running ales may contain 
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considerably more (say up to 6-7 per cent) without harm : 
and not only so, but they would be useful in contributing to 
an early condition, which in the winter months is otherwise 
frequently difficult to attain. 

The lowering of the specific gravity during forcing is con¬ 
nected with the above point; we prefer for stock ales and 
summer-brewed mild ales, a not excessive lowering in gravity 
(say not over 3-4 degrees during the periods suggested for 
forcing these beers). For winter-brewed mild ales, on the 
other hand, we should not object to a greater decrease (say 
6 degrees). 

The total dextrin rate is of less importance than the 
maltodextrin rate, but is still worth noting, for, better than 
any other, this estimation leads us to an opinion as to whether 
the beer was all malt, or malt and grain brewed on the one 
hand, or partly sugar brewed on the other. 

The acids in a new beer are seldom beyond the normal 
rates ; but the increase in acid as forcing is worth noting as 
a supplementary test to the microscopic examination. 

Some experience has shown us that the microscopic 
examination of a forced beer sediment does not tell us all we 
should know regarding its stability; for a given number of 
organisms in one beer will prove fatal, while in another which 
is inherently more stable, we find that the same organisms in 
apparently similar or greater number, will not be so. If, 
however, we supplement the microscopic examination by 
determination of acidity, and by tasting and smelling the 
beer, we get some indication, not only of the degree of infec¬ 
tion, but of the result of that infection during storage on the 
practical scale. In the periods of forcing advised for the 
various classes of beer, there should be no appreciable 
increase in acidity, nor should the flavour be at all dete¬ 
riorated, other than in respect of such deterioration which 
must naturally follow from gas expulsion and warmness of 
the sample. 
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The interpretation to be placed upon the microscopical 
examination of sediments, we have attempted to deal with in 
the analytical section (p. 508). 

The comparison of original with specific gravity gives us 
the amount of attenuation at a glance; and in cases where 
the chemical determination of maltodextrins is impossible, we 
consider very valuable information can be learnt from the 
following easily acquired data:—Specific gravity of wort 
(original gravity), racking gravity, specific gravity at date of 
analysis (with due regard to period intervening between 
racking and examination), and specific gravity after forcing. 



422 A Text-Book of the Science of Brewing. 


SECTION m.—ANALYSIS. 


CHAPTER IX. 

THE ANALYSIS OF WATER. 

PRELIMINARY REMARKS. 

In the following directions the estimations are not given in 
the order of importance suggested in Chapter I.; they are 
now taken in the order in which they should be performed 
in the laboratory. In all cases those determinations should 
be first undertaken which the keeping of the water might 
tend to alter—for instance, the nitric and nitrous acids, and 
the ammonia, free and albuminoid ; again, time is economised 
by at once commencing those determinations the results of 
which are not obtained until after the lapse of some days— 
for instance, the sugar test Many tests are now suggested 
which, on account of their relative unimportance when 
separately considered, were not mentioned in Chapter I. 
Taken together, however, with the main and subsidiary tests 
there referred to, they are competent to afford some consider* 
able informatioa 

It is in all cases advisable to insist on samples being 
collected in glass stoppered vessels, previously thoroughly 
cleansed. "Winchester Quarts” answer the purpose ad¬ 
mirably. Two of them will generally hold about sufficient 
for a full analysis. The vessels should, after efficient cleansing, 
be rinsed two or three times with the water to be analysed 
prior to being filled with it. 

New supplies should be pumped for at least a week before 
analysis; if examined earlier the earthy and other impurities 
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normal to a water in this condition are apt to induce an 
unfairly pessimistic opinion of the water. 

In analysing a water for brewing purposes, we advise 
its being collected from the liquor tank. We have had 
experience of many really pure waters contaminated during 
the passage from the well to the tank, or in the tank itself. 
Under these circumstances it is better to test the water in its 
impure than in its pure state, for the impurity due to the 
unclcanliness of pipes and vessels will count as organic 
contamination in brewing purposes. In the event of doubt 
arising as to the source of impurity in such cases, the com¬ 
parison of the organic analysis of the water as taken from 
the well or main direct, and from the tank, will give the 
requisite information. 

The more knowledge in possession of the analyst re¬ 
garding the history of the supply, its surroundings, the depth 
of well (if it be from a well), and the geological formation 
from which it is drawn, the more definite and useful will 
be his opinion. 

Tiie Examination of Waters. 

(1) Observe the colour and character of the water; i. e., 
note whether it is clear, turbid, or very turbid ; whether it is 
bluish, yellowish, or colourless. Fill a cylinder of not less 
than 18 inches in height, place it over a white surface, and 
take observations by looking down through the water on to 
the white surface 

Pure waters (if not from newly made wells) are generally 
clear, and either colourless or bluish in tinge. Equally 
pure but hard waters (especially those containing much car¬ 
bonate of calcium and magnesium) are frequently somewhat 
turbid, through a separation of these bodies due to expulsion of 
the gas holding them in solution, on pumping the well. 
Yellowish looking waters, especially if turbid, arc suspicious ; 
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at the same time the tinge may be due to harmless vegetable 
matter. 

(2) The taste and smell of a water should be taken ; the 
smell after gently warming (say at 8o° F.) in a closed vessel 
for ten minutes, and then opening the vessel suddenly. Pure 
water should be odourless; the taste should be agreeable. At 
the same time mineral matters are apt to give a decided taste 
which must not be confused with such as are sufficiently 
polluted as to give any indication of this contamination to the 
palate. 

(3) Take the reaction of the water by litmus paper. 
Most waters are neutral or slightly alkaline. In the majority 
of cases the alkalinity is due to the earthy mineral matters. 
It is sometimes due to alkaline carbonates characteristic of 
waters of Class III. In these cases the alkalinity is more 
marked after boiling the water in a test tube for a few 
minutes than in its natural state. The carbonic acid which 
in part neutralises the alkalinity is expelled on ebullition. 

Acidity of water—especially if it be not destroyed on 
boiling—throws some suspicion on the water being polluted 
with industrial by-products, such as paper-mill refuse, &c. 

(4) Microscopic Examination .—Matthews and Lott* re¬ 
commend (and the recommendation is a good one) that the 
containing vessel should be well shaken, about half-a-pint of 
the sample be poured into a glass funnel large enough to 
receive the bulk, and closed at the lower end by an inch or 
two of india-rubber tubing terminating in a small tube closed 
at the lower end by fusion. After about six to twelve hours' 
settlement, the bulk of water may be siphoned off, and the 
little tube (containing the sediment) quickly detached. This 
is shaken up, a drop abstracted by a pipette, and the drop 
microscopically examined. 

It is well to let all waters stand about the same time, and 
not to protract this period of standing. Stagnant waters 

* Matthews and Lott: * The Microscope in the Brewery,’ Bemrose & Son. 
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propagate bacteria freely, and after some days more bacteria 
would be found in a water, than if examined say after twelve 
hours. About six to twelve hours should as a rule be 
allowed. The top of the funnel should be covered with a 
glass plate. 

A magnification of about 350 diameters is desirable: 

Considerable care is requisite to discriminate between 
minute particles of mineral and vegetable matter and bacteria. 
To dissolve the mineral matter (if such be present), a drop of 
dilute hydrochloric acid (decinormal acid) may be mixed with 
the sediment in the glass before examination. A drop of 
dilute potash (normal strength) may be similarly used to 
dissolve the vegetable matter. Both these reagents leave the 
organisms unaffected. The potash and acid must not, how¬ 
ever, be used together, for they would in part neutralise one 
another. Three drops of the sediment should be examined, 
the first untreated, the second mixed with acid, the third with 
potash. A comparison of these will give decisive information. 

To detect dead vegetable or other protoplasmic matter, 
the drop of sediment may be mixed before examination with 
a drop of an aqueous solution of cosin. The cosin will stain 
the dead matter pink, leaving the other matters unaffected. 

(5) The Sugar Test .—Two stoppered bottles of about 200C.C. 
capacity are thoroughly cleansed by rinsing with nitric acid, 
and then washed free from acid by distilled water. Into one 
of the bottles is |>ourcd some of the sample, so ns to nearly 
fill it To this is added a teaspoonful of pure crystallised 
cane-sugar and the stopper replaced. The bottle is then 
agitated until the sugar dissolves. It is labelled " unboiled.” 
and the date and hour of the experiment noted. It is now 
put on the forcing tray, and observed every few hours during 
the daytime for seventy-two hours, until it becomes turbid. 
The time when the turbidity first makes its appearance is 
noted. 

Another portion of the sample is boiled in a flask for 
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thirty minutes, a plug of cotton wool being inserted at the 
end of this period, to exclude outside contamination while the 
water is cooling from the boiling point to about 8o° F. 
When it has cooled to about this point it is quickly filtered 
into the second bottle; the same quantity of sugar as 
previously mentioned is added, and after being labelled as 
before (but with the word " boiled ” in place of u unboiled ”) 
it is placed on the forcing tray and observations taken. The 
exact time when turbidity makes its appearance is noted. 
The observation, as before, to extend only up to seventy-two 
hours. 

(6) Ammonia: (a) free [and saline ] ; (b) albuminoid .—500 
c.c. of the water are boiled with 10 c.c. of a saturated solution 
of sodium carbonate in a retort connected with a condenser. 
The distillates are received in white glass cylinders, capable of 
holding about 100 c.c., and marked to 50 cc. 

To the first distillate of 50 c.c. add 1 c.c. of Nessler's solu¬ 
tion. The colour obtained after standing for three minutes is 
equalised by adding a definite volume of standard ammonium 
chloride solution to 50 c.c of distilled water, and coloured by 
I c.c. of Nessler; the Nessler to be added after thorough in¬ 
termixture of the standard ammonium chloride solution and 
the 50 c.c. of water. The standard solution of ammonium 
chloride contains o*oi milligram NH 3 per c.c. 

A second distillate of 50 c.c. is matched in a similar way, 
and the process continued until the distillate gives no reaction 
with Nessler’s solution. 

When this is the case, the flame is removed, the retort 
stopper opened, and 50 c.c. of alkaline potassium perman¬ 
ganate solution introduced by a pipette, the stopper replaced, 
and ebullition recommenced. 

The distillation and colourisation estimation of the ammonia 
thus expelled is proceeded with in the same way as before. 

In matching the colour, not only the distillates, but the 
mixture of distilled water and ammonium chloride should 
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remain in contact with Nessler solution for 3-4 minutes before 
the analyst decides as to the similarity or dissimilarity of the 
colours. If dissimilar, another 50 c.c. of distilled water with a 
greater or less amount of ammonium chloride solution, must be 
experimented upon. It is not possible to get accurate results 
by increasing the ammonium chloride, after once adding the 
Nessler. 


For full information regarding this process, the reader 
should consult the treatise on water analysis by Wanklyn and 
Chapman (Triibner &Co.). 

Example .—500 cc. of water taken:— 


Free (and saline) ammonia 


{ 


Albuminoid ammonia 


1st distillate equalled by 3 cc AmCl solution 
and ,, H 1 cc ,, 

3rd ly — no ammonia. 

1st distillate equalled by 7 cc AmCl solution 


and „ 

M 

2 C.C. 

t* 

3 rd 

• • 

1 C.C. 

• 1 

4 »> .. 

M 

O C.C. 

II 


Calculation .—The total free ammonia is thus equalled by 
4 cc of AmCl solution. Each cc. contains 0*01 mgm. 
ammonia; hence, in 500 cc water, wc have 4X *oi = 0*04 
mgm. ammonia. 

A litre of the sample will thus contain 0 08 mgm. 
ammonia. Milligrams per litre are equivalent to parts per 
million. If therefore, we state our result in this way, the 
sample will contain 0*08 parts per million of free (and saline) 
ammonia. To convert this into grains per gallon, multiply 
by 0*07; this particular sample would therefore contain 
0*0056 grain of ammonia per gallon. 

The albuminoid ammonia is calculated quite similarly. 
Adding up the total number of cx/s of ammonium chloride 
used to equalise the distillates in the example before us, wc 
find that wc have used altogether 10 cc 

Five hundred c.c of our sample contain,* therefore, o* 10 

* The expression u contains ” so and so much albuminoid ammonia is incorrect, 
and for the reason given in Chapter L (p. 37). It is used here, however, for con* 
venience, and to avoid a longer phrase. 
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mgm. ammonia, a litre will therefore contain o’20 mgm. 
Hence the sample contains 0*20 parts per million of albu¬ 
minoid ammonia, equivalent to 0*014 grains per gallon. 

In performing the above tests, it is clear that our utensils 
and reagents should be free from ammonia. The distilled 
water, sodium carbonate solution, and alkaline potassium 
permanganate solution, should all be thoroughly tested 
by distilling small quantities from each, and testing the 
distillates for ammonia by Nessler. If the faintest coloura¬ 
tion is produced, they must be purified until quite free from 
ammonia. 

The apparatus must be tested by boiling in it some dis¬ 
tilled water previously found pure by experiment Until 
the distillates are quite free from ammonia the appara¬ 
tus cannot be used, and it should be purified by boiling in 
it pure water and alkaline potassium permanganate until 
the distillates indicate complete purity. All contact between 
the evolved steam and india-rubber connections should be 
avoided, and when out of use, the interior of the vessels (con¬ 
denser, &c.) must be protected from dust, which is always 
more or less ammoniacal. 

(7) The Oxygen Test .—Two quantities of 200 c.c. each of 
the water sample are poured into a clean stoppered bottle 
(capable of holding 300 c.c), and to each is added 10 c.c 
of standard solution of potassium permanganate (containing 
o* 1 mgm. of available oxygen per 1 c.c). Immediately after 
the addition of the permanganate, add to each, 10 cc of 
standard sulphuric acid solution (5 per cent acid). The 
bottles are now put aside at about 8o° F. (either on the 
forcing tray or in a warm cupboard). At the end of fifteen 
minutes the first bottle is taken and five drops of a standard 
solution of potassium iodide are added (10 parts of potassium 
iodide in two parts water). To this is added about 1 c.c. 
of clear starch-paste; the bottle (the contents of which 
will be blue) is placed under a burette containing standard 
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solution of sodium thiosulphate (1 gram of the crystallised 
salt per litre of water), and the standard solution run in, with 
continual shaking of the bottle, until the blue colour just 
disappears. The number of cc’s of thiosulphate solution 
required is carefully noted. 

A blank experiment is now made in order to check the 
thiosulphate solution, which is unstable To do this, take 
200 c.c. of distilled water and proceed just as before, 
without, of course, putting the distilled water and permaga- 
nate aside to stand. 

At the expiration of the four hours the second bottle put 
aside on the tray, or in the warm cupboard, is taken out and 
treated in precisely the same manner as that given, a blank 
experiment to check the thiosulphate being performed at the 
same time. 

Example .—Bottle No. 1, taken at the end of fifteen minutes, 

24 c.c. of thiosulphate solution used ; for blank experiment 

25 cc In this case, therefore, 200 cc of sample absorbed an 
amount of available oxygen equivalent to that absorbable by 
1 cc of sodium thiosulphate Now 25 c.c. of sodium thiosul¬ 
phate would absorb the whole of the available oxygen in 
the permanganate used, hence the ferrous and nitrous bodies 
(see p. 38) have absorbed one-twenty-fifth of this amount 
Now the 10 cc of permanganate contained i*o mgm. of 
available oxygen, hence the quantity absorbed by 200 cc of 
the water was ^ mgm. = 0*04 mgm. A litre of water would 
therefore absorb 0*2 mgm., or in other words, the water would 
absorb (through ferrous salts and nitrites), o*2 part per 
million, or 0*014 grain per gallon. 

Bottle No. 2 required 20 cc of sodium thiosulphate, the 
blank as before requiring 25 c.c The water therefore abstracts 
as much oxygen as would $ cc of the sodium thiosulphate 
solution. As 25 cc. abstract the oxygen from 10 cc. per¬ 
manganate solution, the water abstracts ^ = £ of this amount 
This amount, as before explained, equals 1 *o mgm. Hence 
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200 c.c. require J x x o = 0*2 mgm. oxygen, or a litre, 
I mgm ; or a gallon, 0*07 grain. Hence, stated in grains 
per gallon, our result would be as under:— 

Oxygen absorbed by organic matter, ferrous salts and nitrites 0*07 grain 


Oxygen absorbed by ferrous salts and nitrites only.0*014 „ 

Hence oxygen absorbed by organic matter.0*056 „ 


It is very frequently sufficient to determine the oxygen 
absorbed in three hours without making any allowance for 
that absorbed by ferrous salts and nitrites. The test should 
only be regarded in conjunction with the other tests ; and the 
refinement of allowing for the oxygen due to inorganic con¬ 
stituents is not therefore necessary, unless the total amount 
absorbed is sufficiently excessive to call for explanation. When 
the total amount absorbed is small or moderate, there is no 
need for estimating that abstracted by these inorganic 
constituents. 

(8) Nitrous and Nitric Acids .—These acids are generally 
estimated together; for we have no evidence before us to 
support the supposition that the effect of nitrites is different 
from that of nitrates in brewing operations. It is possible, 
however, to estimate the nitrites separately, as well as together 
with the nitrates, from which two estimations the exact amount 
of nitric acid and nitrous acid is obtained. Although not of 
frequent necessity, the method for separately estimating the 
nitrites is given below. 

The nitrites and nitrates are estimated by reducing them to 
ammonia and determining the ammonia so produced. This 
process—due to Gladstone and Tribe—although giving as a 
rule results slightly below the truth, is quite sufficiently 
accurate for all practical purposes. 

Evaporate 250 c.c. of the sample with two or three drops 
of pure potash solution in an evaporating basin, until about 
nine-tenths of the liquid have been expelled. During evapo¬ 
ration, stir frequently, lest the solids separate out on the sides 
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of the vessel; when sufficient has been expelled by evapora¬ 
tion, transfer the contents of the basin to a test tube, using 
ammonia-free distilled water for rinsing purposes. 

During the evaporation, proceed as follows :— 

Into a conical flask, which fits on to a condenser, place 
some pure zinc clippings, and pour on to them some copper 
sulphate. Place the flask on the forcing tray. After 20 
minutes, pour off the supernatant blue fluid, carefully taking 
care not to disturb the surface of metallic copper precipitated 
on to the zinc. Wash the metal * couple ” two or three times 
with warm distilled and ammonia-free water. 

Now wash the contents of the test tube (containing the 
residue of the evaporated water) into the flask containing 
the inctal with ammonia-frcc distilled water, and fit the flask 
on to the condenser. The receiver should be a flask gradu¬ 
ated at 100 cc, and containing a drop of hydrochloric 
acid. 

The flask is kept at a gentle heat for 1} hours, at the 
expiration of which about 100 cc of ammonia-frcc distilled 
water, and six drops of potassium hydrate solution are added 
to the flask, through a stop-cocked funnel which is provided 
for this purpose. Proceed to raise the temperature of the 
flask-contents until distillation commences, and then distil 
over rather under 100 cc Now remove the receiver, make up 
exactly to 100 cc with ammonia free-distilled water, shake 
it well, and abstract 10 cc with a pipette. The 10 cc is put 
into a Nesslcr jar, diluted to 50 c.c., and Ncsslerised in pre¬ 
cisely the same manner as that described in estimating the 
free and albuminoid ammonia. 

If the 10 cc. abstracted gives too deep a tint discard it, 
and abstract a less amount from the receiver; if the tint 
is insufficiently distinct, operate on a larger bulk abstracted 
from the receiver. 

Example .—250cc of the sample taken; 10cc of distillate 
gave same colour with Nessler as that obtained by taking 
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4 c.c. of standard ammonium chloride solution (o a oi mgm. 
ammonia)—see determination of ammonia, p. 426. 

Hence 10 cx. of distillate contain 0*04 mgm. NH 3 . 
Hence 100 c.c. of distillate (the whole distillate) will contain 
0*4 mgm. NH a . 

We will now calculate this back into nitric acid, preferably 
taking the anhydrous form of the acid (N a 0 # ) for this purpose. 
To convert ammonia into nitric acid, we must multiply by 
the molecular weight of N a 0 6 , and divide by twice that of 
108 

NH S . Now — is practically equal to 3 ‘ 18. If, therefore, we 
34 

multiply 0*4 by 3’18, we get the milligrams of N, 0 6 in 
100 c.c. of distillate, or in other words in 250 c.c. of sample ; 
0'4 X 3*18 = I'272. 

Now if 

250 c.c. of sample contain.I '272 mgm. N t 0 , 

1 litre „ will contain.5* 088 „ „ 

or 

I gallon „ „ .... 5 * 088 X 0*07 = 0*35 grain, N f O # . 

[It simplifies calculation to remember that if in operating 
with the above quantities we abstract 10 c.c. from the distillate, 
and if this is matched by 10 cx. of ammonium chloride solu¬ 
tion, the amount of N a 0 6 is o * 89 grain per gallon in the sample; 
thus if we apply this in the above case, the amount of N a 0 * in 

grains per gallon will be 0*89 x — = 0*35, as previously 

found.] 

If it be desired to calculate the whole of the ammonia 
into N a 0 3 (anhydrous nitrous acid), we have to use the 

N O 

factor 2*23 instead of 3' 18 ; 2*23 representing^^ • 

In estimating nitrites (Griess* method) separately, we 
proceed as under: 100 cx. of the sample are poured into a 
glass cylinder of such dimensions that the above quantity of 





The Analysis of IValer. 


433 


water will rise to a height of 16 to 18 inches. To this is 
added I c.c. of sulphuric acid (i part acid to two parts 
water), and immediately afterwards i c.c. of metaphenylene- 
diamine solution (5 grams of metaphenylenediamine per 
litre, decolourised if necessary by charcoal, and acidified with 
sulphuric acid). 

The pink colour developed when the water contains 
nitrites is now matched by taking a definite number of c.c.’s 
of a standard solution of potassium nitrite (containing 0*01 
mgm. NjO* per c.c.), diluting to 100 c.c., and adding sul¬ 
phuric acid and metaphenylenediamine as before. 

Example ;—100 c.c. of water give a tint matched by taking 
2 c.c. of the standard potassium nitrite solution treated as 
above. 100 c.c. of water will therefore contain 0*02 mgm. 
of N, 0 ». A litre will therefore contain 0*2 mgm. N, 0 *, and 
a gallon, C014 grain of N,O s . 

Now let us suppose that our sample contains, according to 
the previous example, 0*35 of N, 0 , and N, 0 *, both calculated 
as NjO*. Wc now know that 0*014 NjOj will be included 
in that amount calculated as N, 0 6 . To see how much 
N, 0 », 0*014 N, 0 , would correspond to, wc must multiply it 


by 


108 
76 = 


Therefore the O’014 N a O s would correspond 


to 0*074 x 1*42 = 0-019 (say 0-02) N a 0 6 


Hence the true N a 0 6 in our water would be o* 35 less 0*02, 


equal to 0*33 ; the exact result, therefore, being 


N t 0 a . O’ 33 grain per gallon 

N t O,.0014 M 


In giving the method for estimating nitrites we have omitted 
many necessary precautions to ensure accuracy, but those 
who wish to perform the determination will find full particu¬ 
lars in Frankland’s treatise on 4 Water Analysis’ (p. 40). 

(9) Chlorine .—250 c.c of the sample are poured into a 
white evaporating basin, and five drops potassium chromate 

2 F 
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solution (io per cent solution) added. Standard silver nitrate 
(i cc. of standard solution corresponds to o'ooi gram Cl) 
is now run in, until the orange tint becomes just pcrma- 
ment The liquid must be vigorously stirred during the 
progress of the test 

Example .—250 c.c of the sample required 14*2 cc. of 
standard silver nitrate. Hence 250 cc. contain 14*2 x o - ooi 
or 0*142 gram Cl; a litre will therefore contain 0*142 
gram Cl and a gallon . . . 0*142 X 70 = 9*94 grains Cl. 
[When a water takes more than 25 c.c. of silver solution it is 
well to operate on 100 cc of the water, and so on according 
to circumstances.] 

(1 o) Total solid matter .—A weighed platinum basin is placed 
over a suitable aperture in a water-bath. 500 cc of the water 
are measured and the basin filled to about two-thirds its 
capacity. As the sample evaporates the basin is replenished 
from the 500 cc measure, until the whole of that bulk is 
evaporated ; a little distilled water is used to rinse out the 
last portion. The outside of the dish is then carefully wiped 
and placed in the air-bath at 261° F. This temperature is 
selected as sufficing to expel the water of crystallisation from 
the mineral compounds, while it is not sufficiently high to 
decompose the organic matter. The dish is kept at this tem¬ 
perature for 30 minutes, and then weighed. It is again dried 
at the same temperature for 15 minutes, and reweighed. As 
a rule, the two weights will agree; if not, drying at 261° must 
be continued until the weights are constant 

The final weight, less the weight of the platinum capsule, 
gives the weight of solid matters in 500 cc of the water. 

Example :— 


Weight of dish + solids.35*343 grams 

Weigh! of dish alone .35*078 M 

Weight of solids .0*264 „ 


If 500 c.c. of the sample contain 0*264, a litre will con- 
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tain 0*528 gram, or a gallon will contain 35*96 grains 
(0*528 x 70). 

The solids thus obtained will include the organic matter. 
In impure waters the weight of the solid matter will thus 
exceed that of the bases and acids combined, sometimes by 
3 or 4 grains. In pure waters, however, the agreement is 
generally within i*o to 1*5 grain, and in such cases, this 
approximate identity is a sufficient proof of the accuracy 
of the determinations of acids and bases. When, however, 
the water is impure the above check is no longer of value, and 
in such cases it is well to adopt Heron’s suggestion/ which is 
briefly this. The solid matter obtained as above is digested 
for a short time with an excess of dilute sulphuric acid, and 
then evaporated, dried, and ignited until the weight is constant. 
By this means the organic matter is destroyed, while the 
bases are all converted into sulphates. The bases, as sepa¬ 
rately determined, arc now all calculated into sulphates, and 
their sum should be in close agreement with the solid 
matter after treatment with sulphuric acid. 

This plan is a very excellent one for the checking of results 
when a water is impure; in fact it is the only check. For if 
we were to drive off the organic matter by strong ignition, and 
thus attempt to compare the mineral solids with the sum of 
combined acids and bases separately determined, no com¬ 
parison would hold. In expelling the organic matter, we 
should also expel the carbonic acid from the earthy car¬ 
bonates, the nitric acid, and a portion of the chlorine from 
the chlorides. Although the carbonic acid so expelled may 
be restored by digesting the ignited solids with ammonium 
carbonate, there is no ready means of restoring the loss due 
to the volatilisation of nitric acid and chlorine; hence the 
weight of the solids after ignition affords no guide to the 
weight of the combined saline matter. 

* Transactions of the Laboratory Club, vol. it, p. 22. 
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At the same time the solid matter obtained according 
to the previous instructions should always be subjected to 
incineration, with the object of detecting the degree of dis¬ 
colouration produced, and the nature of the fumes evolved. 
The interpretation to place upon these indications has 
already been considered; the process itself hardly requires 
description. The basin containing the solids, of course after 
the weight has been duly recorded, is placed over the flame 
of a Bunsen burner, in such a way that one part after another 
of the solids is subjected to the heat of the flame. The 
degree of discolouration, its transientness or persistency, and 
the nature of the fumes, are then recorded. 

The following will serve as an example of a water, the 
organic impurity of which causes the solid matter dried at 
261° to considerably exceed the sum of combined acids and 
bases as separately determined. Heron’s check would there¬ 
fore be applied as follows:— 

Total solid matter.36*21 grains per gallon. 

Saline bodies:— 

Sodium chloride.. 

Calcium nitrate .. 

Calcium sulphate 
Calcium carbonate . 

Magnesium carbonate 
Silica and alumina . 

3*84 


7*20 grains per gallon. 

637 „ 

*•3° .» 

m'57 

420 „ 

0*20 „ 


There is therefore a difference here of between 3 and 4 
grains. To test whether this is due to inaccuracy in analysis 
or to organic matter contained in the solids, we digest our 
solids with sulphuric acid, realty, and find the weight to be 
39-81 grains. 

We now proceed to calculate the bases into sulphates. 
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Sodium chloride •• 7*20 equivalent to sodium sulphate •• 

Calcium nitrate .. 6*37 equivalent to calcium sulphate 

Calcium sulphate .. 2 *30 equivalent to calcium sulphate 

Calcium carbonate .. 12*57 equivalent to calcium sulphate 

Magnesium carbonate 4*20 equivalent to magnesium sulphate 
Silica and alumina .. 0*20*.. 


8*71 

5*29 

2-30 

17x9 


✓NojSOi 
\2NaCl = 121 
/ CaS 0 4 
\CaN 




/CaS 0 4 

\c»so 4 

CaSO, _ 
,CaCO, 



6 80 ( 


CaS 0 4 

MgCO, 



0*20 


Total bases as sulphates 


40*39 


Total solids after treatment with sulphuric acid.. •• 39 * 8 * 


The agreement between these figures is sufficient to show 
the accuracy of the analytical results, and to indicate that 
such disagreement as there was between the total solids, 
prepared in the ordinary way, and the sum of the saline 
compounds, was due to organic matter contained in these solid 
matters. 

(11) Determination of Sulphuric Acid .—500 c.c. of the 
sample are placed in a porcelain evaporating basin, and about 
12 drops of hydrochloric acid added. The evaporation is 
continued until about two-thirds of the water are expelled. 
Barium chloride is added, the whole is digested for an hour, 
and the precipitated barium sulphate is thrown onto a filter. 
The precipitate is washed, dried, ignited, and weighed in the 
usual manner. 

In all cases where water-bulks arc evaporated, care should 
be taken to stir the solids which separate out on the sides of 
the basin into the residual liquid. This can be sufficiently 
well done by means of an ordinary stirring rod applied 
frequently. 

* The quantity of silica and alumina being small, no calculation becomes 
necessary. 
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Example :— 

Weight of crucible + BaS 0 4 + filter ash .. .. 18*231 grams 

11 crucible.18*078 „ 

» BaS 0 4 + filter ash .. .. 0*153 „ 

,» filter ash .. .. 0*0015 ,, 

» BaS 0 4 .0*1515 „ 


The BaS 0 4 is preferably calculated into anhydrous sul¬ 
phuric acid (S0 3 ), as this form is the most convenient for sub¬ 
sequently combining the acids and bases. To convert BaS 0 4 
into S 0 3 , the factor 0*34 is sufficiently accurate. 

Hence 500 c.c. of the sample will contain 0*1515 X 0*34 
S 0 3 = 0*052 gram SO s ; a litre will therefore contain 0*104 
gram, and a gallon, o* 104 x70 = 7*28 grains. 

(12) Determination of Silica, Alumina, Iron, Lime, and 
Magnesia .—500 ex. of the water are poured into an evapora¬ 
ting basin, made distinctly acid with hydrochloric acid, and 
evaporated to complete dryness. The residue is allowed to 
cool, then 40 c.c. of distilled water, 20 c.c. of hydrochloric 
acid, and a few drops of nitric acid are added, and the whole 
digested for 30 minutes. The silica will remain insoluble 
(with any organic matter present, which, however, will be 
expelled during the ignition of the precipitate), the other 
bases will go into solution. The whole is therefore filtered, 
and the silica weighed as such. 

The filtrate is now rendered strongly ammoniacal and 
boiled. The ammonia will throw down the iron and 
aluminium as hydrates. These are collected on a filter paper 
and weighed as Fe a O a and Al a O a . To determine the quantity 
of iron, the precipitate is extracted with HC1 and water, the 
insoluble porton of the filter ash removed by filtration, and 
the filtrate made up in a Nessler jar to 50 c.c. One cx. of 
standard potassium ferrocyanide solution is added, and any 
colour so produced is matched by the required number of cx. 
of a standard solution of ferric chloride (1 cx. = *001 Fc) 





439 


The Analysis of Water . 

diluted to 50 cx., and tinted with 1 c.c. of the standard 
potassium ferrocyanide solution. The number of c.c. of 
ferric chloride solution required to give an equal tint will 
show the quantity of iron present, and hence by calculation, 
the amount of alumina. The filtrate from the iron and 
alumina precipitation is, if necessary, evaporated to a con¬ 
venient bulk, and then heated with an excess of ammonium 
oxalate and some ammonia. The calcium oxalate is filtered 
off, dried, ignited in a platinum crucible to calcium oxide, and 
weighed as such. 

The filtrate from the above is, if necessary, evaporated to 
a convenient bulk, ammonium and sodium phosphate being 
added. The ammonio-magnesium phosphate is thrown on 
to a filter, dried, ignited, and weighed as magnesium pyro¬ 
phosphate. 

When a water contains an excess of magnesia there is a 
tendency for the magnesia to come down with the lime. In 
such cases, the precipitate of calcium oxalate is redissolved in 
a very small quantity of hydrochloric .acid, the solution is 
then rendered strongly ammoniacal, and ammonia oxalate 
again added. By this repetition of the precipitation, the lime 
is thrown down free from magnesia. 


Example :— 


Silica. 


Weight of crucible + SiO, + ash 
tt crucible . 


14 323 gram* 

14*319 M 


Si 0 9 + ash .0*004 „ 

ash.0*0015 „ 


SiO t 


0 0025 


500 c.c. therefore contain 0*0025 gram SiO*, a litre will there¬ 
fore contain 0*005, and a gallon 0*005 X 7 ° = 0*35 grain 
SiO*. 
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Alumina and Frrric Oxide. 


Weight of crucible + Al t O f -f Fe, 0 , + ash .. 19*423 grams 

„ crucible. .. .. .. 19*417 •> 

ii A 1 , 0 , -f F^jOj 4 * ash ,• •• •• •• 0*006 „ 

•1 ash.. 0*0015 „ 

„ AJ, 0 ,+ Fe, 0 , .0*0045 „ 


If 500 c.c. contain 0*0045 gram, a litre will contain 0*009, 
and a gallon 0*63 grain of alumina and oxide of iron. The 
precipitate on re-solution was matched by I c.c. of standard 
ferric chloride solution. Hence 500 c.c. of the water contain 
o*ooi grain Fe, or 0*0014 Fe a 0 3 . One litre will there¬ 
fore contain 0*0028 grain ferric oxide, and a gallon 0*19 
grain. 

Therefore, alumina and oxide of iron being 0*63 grain, 
and oxide of iron 0*19 grain, the alumina is 0*44 grain per 
gallon. 

Limb. 

Weight of crucible -f lime (CaO) + ash .. .. 25*728 grams 


„ crucible.25*631 „ 

„ CaO + ash .0*097 „ 

„ ash.0*0015 „ 

„ CaO .0*0955 „ 


500 c.c. containing 0*0955 gram CaO, a litre will contain 
0*191 gram, and a gallon will therefore contain 13*37 
grains. 

Magnbsia. 

Weight of crucible -f magnesium pyrophosphate 

(Mg,P t O,) + «»b.18*438 grains 

„ crucible.18*420 „ 

>» Mg,P, 0 , + ash 


0*018 „ 

0 0015 „ 


•» 


»» 


Mg,P,0, 


0*0165 
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To calculate magnesium pyrophosphate into its equivalent 
of magnesia (MgO) the fraction o b 36 must be used. 500 ex. 
of the sample will therefore contain o # oi 65 xo*36=o # oo59 
gram MgO. A litre will therefore contain o # oi 18 gram, and a 
gallon 0*83 grain magnesia. 

(13) Determination of Soda and Potash —Take 500 ex. of 
the sample, evajjorate with six droj>s of 11 Cl in a porcelain dish, 
until about nine-tenths of the liquid are expelled. Turn down 
the flame until the liquid merely digests, and add barium 
hydrate until the reaction is just alkaline. Ten minutes after¬ 
wards, add ammonium carbonate, and digest at a gentle heat 
for one hour, and then filter. 

The insoluble matter is thoroughly and repeatedly washed 
with hot water, after which the precipitate may be neglected. 
The filtrate and washings are evaporated down to dryness in a 
platinum basin, with ammonium chloride solution. When all 
is evaporated, it is gently, then strongly ignited until all ammo- 
niacal fumes are expelled. The dish is now weighed. 

The ignited residue is now extracted with hot water, the 
washings being passed through a filter; the filter paper so 
used is returned to the dish, the whole re-ignited, and then 
weighed. 

The difference between this and the former weight is due 
to the sodium and potassium chlorides which were extracted 
by washing. The washings containing the sodium and potas¬ 
sium chlorides are now treated with platinum tetrachloride, and 
the precipitated platino-potassium chloride dried at 212° until 
constant, and weighed 

Haying obtained the quantity of potassium chloride, and 
knowing the sum of the potassium and sodium chlorides, we 
can thus get the weight of the sodium chloride. 

The above process is one which, after some experience, 
gives very excellent and reliable results. It does, however, 
require experience, especially in that portion of it consisting of 
the first ignition. If we ignite insufficiently, we fail to expel 
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all the ammonium chloride, which will thus swell the apparent 
amount of alkaline chlorides, since it will be washed out with 
them, and will subsequently come down with platinum chloride 
and so swell the apparent amount of potassuim. If, on the other 
hand, we ignite too forcibly, some of the alkaline chlorides are 
decomposed, and our result comes out too low. Again, if the 
heat is applied too strongly at first, the alkalies fuse and, so to 
say, lock up some of the ammonium chloride, which thus 
avoids expulsion. The process is one, however, which can be 
thoroughly trusted, after the manipulator has learnt how to 
work it Many chemists only get at their soda indirectly, by 
means of various titrated estimations of combined and free 
carbonic acid, &c. But these processes we regard as unreliable, 
and greatly inferior to the direct determination of soda in the 
above manner; and when obtained in this direct way, the 
determination of free and combined carbonic acid can be 
neglected, and this is a point to the good. These matters 
will be better understood when we consider the combination 
of acids and bases. 

Example :— 

Weight of basin and solids before extracting with water 38*214 grams 


» » after „ „ 38* 102 „ 

Loss due to NaCl and KC 1 (uncorrected) . 0*112 „ 

Allowance for returned filter ash. 0*0015 »> 

NaCl and KC 1 (corrected) . 0*113$ „ 


If 500 c.c. contain o* 1135 gram KC 1 and NaCl, a litre will 
contain 0*227 gram,and a gallon will contain 15*89 grains. 

The solution of potassium and sodium chlorides on treat¬ 
ment with PtCl 4 gave 0*121 gram platino-potassium chloride. 
The factor for converting this salt into potassium chloride is 
0*305. Hence, 500 c.c. of water will contain 0*305 xo* 121 = 
0*037 gram KC 1 ; a litre will therefore contain 0*074 gram, 
and a gallon 5*18 grains KC1. 
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NaCl + KC 1 = 15-89 
KC 1 = 5-18 

NaCl .. 10*71 grains per gallon 

It is usual, however, to return the sodium and potassium as 
oxides, that is as soda (Na a O) and potash (K a O). To calculate 
these we proceed as follows :— 

To convert NaCl into Na f O multiply by 0*53 
„ KC 1 into K ,0 multiply by 0*63 

Hence, in this case, our water will contain 

Soda (NftjO) 10*71 X o*S3 = 5*67 grains per gallon 
Potash (K, 0 ) 5*18 X 0*63 = 3*26 „ „ 

(14) Phosphoric Acid ,—It is not usual to more than 
quite approximately estimate the always rather small amount 
of this acid. It is customary to evaporate 500 c.c. of 
the water, acidified with nitric acid, and with the addition of 
ammonium molybdate, until about onc-half of the water is 
expelled. The amount of yellow precipitate is then judged 
and returned as a “minute trace/* “ trace/* or “heavy trace/* 
according to circumstances. If, however, the amount of phos¬ 
phoric acid should, for some special object, be required, the 
yellow precipitate is dissolved in ammonia, and the phosphoric 
acid precipitated with magnesia. Full particulars of this 
determination will be found in all the text-books on quantita¬ 
tive analysis. In analysing waters for brewers’ purposes, the 
quantitative estimation is of too infrequent occurrence to 
require description in these pages. 

(15) Hardness .—Having a profound mistrust in the re¬ 
liability of the hardness test by soap, we prefer to omit a 
description of the test entirely. It could have no object, even 
if accurate, when the bases and acids are separately determined, 
as should always be the case in the analysis of water for 
brewers* purposes. But a considerable experience of it has 
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convinced us of its entire unreliableness, and having regard 
to this and its uselessness for brewing purposes, we prefer not 
to include it among the determinations described. If for any 
special object it may seem desirable, full descriptions of the 
test can be found in all text-books dealing with water analysis. 

The Combination of Acids and Bases. 

The scheme proposed for the combining of acids and bases 
is one which we consider to best fit in with such actual data 
as chemists have at their disposal on this point It is, of 
course, not intended to be final; at the same time we regard 
it as in all probability correct, and that is about as much as 
can be claimed for any scheme of the kind. It has frequently 
been suggested that the respective affinities which we know 
to exist under ordinary conditions between the various bases 
and acids, may be modified by the exceeding diluteness of 
the solution. This may or may not be so; but even if it be 
so, we must not forget that the water is heated to at least 
15 5° before mashing, and that the heating of the solution 
would restore these affinities to what we may term their 
normal If, therefore, the water in the well does not hold the 
bases and acids in such combinations as are here suggested 
as probable, it is certainly very probable that the liquor as 
it it used just before mashing, will contain them combined in 
the manner suggested; and as the effect of the saline con¬ 
stituents in brewing will depend upon the form they assume 
in the hot-liquor back or mash-tun, rather than on that pre¬ 
vailing in the supply as it lies in the well or reservoir, it is 
clear that the modes of combination apply rather to the 
former than the latter state, and that they on that ground 
give the more practically useful information. 

The scheme of combination now proposed is as follows:— 

A. The chlorine is first combined with the sodium . 

(i) Chlorine in excess: combine it with calcium; if 
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still in excess, combine it with magnesium ; if still 
in excess, with any excess of potassium over the 
potassium required for saturating sulphuric acid. 

(2) SODIUM in excess: combine it with any sulphuric 
acid left over after saturating potassium; if still 
in excess, with nitric acid; if still in excess with 
carbonic acid 

B. If calcium is in excess after combination with chlorine 
(or if there be no excess chlorine for combination with 
calcium) combine it with nitric acid; if still in excess, with 
sulphuric acid; and if still in excess, with carbonic acid 

C. If magnesium is in excess after combining with chlorine, 
or if there be no excess chlorine for combining with magne¬ 
sium), combine it first with nitric acid\ and then if still in 
excess, with sulphuric acid and if still in excess, with carbonic 
acid 

D. If potassium is in excess after combining first with 
sulphuric acid, then combine with chlorine, then with nitric 
acid and finally with carbonic acid. 

E. Sulphuric acid is first to go to potassium, any excess 
to sodium, then to calcium, and finally to magnesium. Any 
excess of potassium, sodium, calcium, and magnesium occur¬ 
ring here would be treated according to the rules given under 
B, C, and D. 

F. Any nitric acid in excess of sodium will be combined 
first with calcium, then with magnesium, and then with 
potassium. Any excess of calcium, magnesium, and potassium 
occurring here will be treated according to the rules given 
under B, Q and D. 

G. Any sodium, potassium, lime or magnesia uncombined 
are calculated into the respective carbonates. 

H. The iron is returned as ferric oxide, and its quantity 
as such returned together with silica and alumina. 
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Examples* 


Example I.—The water contained— ^ 


Silica (SiOJ 
Iron oxide (Fe t O a ) 
Alumina (Al t O t ) 
Lime (CaO) 
Magnesia (MgO) 
Soda (Na, 0 ) .. 

Potash (K t 0 ) .. 
Chlorine (Cl) .. 
Nitric add (N,O t ) 
Sulphuric add (SO,) 


o* 12 grains per gallon 
nil 

o*43 *t 

4 * 12 »» »» 

3**6 tt M 

o*S3 »» 

4 *°* *» »» 

**82 •• »» 

8‘3* .. 


The first thing to be done is to combine the sodium with 
chloride. Now 3*16 grains of Na ,0 are equivalent to 2*34 

grains Na (3*16 + ^ = 2’34). Working now by the 
02 

equation Na -j- Cl = NaCl, we find that 2*34 grains of Na 
23 35*5 5«-5 

will combine with 2*34 + = 3'6 i grains of Cl, making 

a total of 5 '95 NaCl. This then is the first combination. 

We have 4'Oi Cl to start with, and we have used up 
3* 61 grains of Cl for the NaCl. There remains, therefore, a 
balance of O'40 to be dealt with. This must now be com¬ 
bined with calcium. Working on the following equation, 
Cl, + Ca = CaCl* we find that C40 Cl will combine with 
71 40 in 

0*40 x —*= 0*23 Ca. The total CaCl, will therefore be 
7 * 

0*63. CaCl, = O'63 is our second combination. 

We turn now to the potash, and convert it into potassium 


♦ These examples are purely hypothetical, but they are fairly typical of the 
waters generally met with, and will serve well enough as examples. The waters 
given as types of brewing liquids in the chapters on brewing waters (pp. 3-10) will 
also serve as examples, the separate bases and adds being first staled and the 
combinations in which they would probably exist afterwards. 
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sulphate. Working on the following equation, K a O + S 0 3 = 

94 + 80 

KjSOi, we find that the K a O at our disposal (0*53 grains) 
174 

80 

will combine with — X 0‘53 SO* = 0^45 grain S 0 3 . Hence 
94 

K 3 S 0 4 = o # 45 + o # 53 = 0*98. This is our third combination. 

Our total S 0 3 is 8*31 ; we have used 0*45 S 0 3 for our 
K 3 S 0 4 . There is therefore a balance of 7 • 86 S 0 3 to be dealt 
with. This we convert into calcium sulphate. Working 

on the equation S 0 3 + CaO = CaS 0 4 we find that 7*86 SO a 
80 56 136 

will combine with X 7*86 of CaO =5*50 CaO. The 


CaS 0 4 therefore equals 7*86+ 5 • 50 = 13*36 grains. This is 
our fourth combination. 

We now turn to the nitric acid (of which we have 
I • 82 grains) and convert this into calcium nitrate. Working 

on the equation N a O* + CaO = Ca(N 0 3 ) 3 we find that 1*82 
108 56 164 


grains of N a O* will combine with 1*82 x j-—- grains CaO 

= 0*94 CaO. This Ca(N 0 3 ) a will therefore be 2*76 grains 
(0-94 + 1*82). This is the fifth determination. 

We have now used up all our acids, and it becomes 
necessary to combine the remaining bases into carbonates. 
Turning first to the lime. This has partly been combined 
with chlorine, partly with nitric acid, and partly with sulphuric 
acid. That used up as chloride was used in the form of 
calcium, and to find the equivalent of lime, calcium oxide (CaO) 

used, we must multiply the calcium used by ~ 1 ^ ow > 


0*23 grain of Ca was used up for the chlorine. This quantity 
multiplied as above gives us 0*32 as the equivalent of 
CaO. 
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Now we know 


CaO used for calcium chloride.0*32 grains 

CaO used for calcium sulphate . 5 *S° »» 

CaO used for calcium nitrate.0*94 ,, 

Total CaO used.6*76 > „ 


The total lime, however, is 27*81 ; we have therefore a 
balance of 21 *05 grains to deal with. This is converted into 
carbonate by multiplying by the molecular weight of calcium 
carbonate (CaCO, = 100) and dividing by that of calcium 

100 

oxide (CaO = 56). 21*05 X -jg- = 37*60. Therefore 

CaC 0 3 = 37*60. This is our sixth combination. 

The magnesia has hitherto remained untouched; and as 
there are no available acids, we have to convert it straight 
away into magnesium carbonate. We multiply our magnesia 
(4*12 grains), therefore, by the molecular weight of MgCO s (84), 

84 

and divide by that of MgO (40). 4 ‘ 12 x ~ = 8*65. There¬ 
fore MgC 0 3 = 8*65 grains. This is our seventh and last 
combination. 

The combinations would therefore stand— 


Sodium chloride (NaCl) .5*95 groins 

Caldum chloride (CaCl s ).0*63 ,, 

Potassium sulphate (K,S 0 4 ) 0*98 „ 

Calcium sulphate (CaS 0 4 ).13*36 „ 

Calcium nitrate (Ca(NO,),).2*76 ,, 

Calcium carbonate (CaCO,).37 *60 „ 

Magnesium carbonate (MgCO,).8*6$ „ 

Silica and alumina (merely added) . 0*55 „ 

Total.70*48 , 
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Example II.—The water contained in one gallon:— 


Silica (SiO t ).o* 18 grains 

Alumina (AI a O a ) . I *01 M 

Iron oxide (Fe^O,).0*51 „ 

Lime (CaO) .8*21 „ 

Magnesia (MgO) . .. 2*89 „ 

Soda (No, 0 ) .. .. i6‘io „ 

Potash (K^O). .. 1 *20 „ 

Chlorine (Cl).5*31 „ 

Nitric add (N t 0 A ).2*48 ,, 

Sulphuric acid (SO,) 3*62 „ 


We first take the chlorine and convert it into sodium 
chloride (Cl + Na = NaCl). The 5*31 of Cl will combine, 
55'5 23 78-5 

therefore, with 5 • 31 x Na = 3 ‘44 Na. 5*31 Cl added to 
35 5 

3*44 Na gives us NaCl = 8*75. 

The nitric acid (2-48 grains) is now converted into 

sodium sulphate. Working on the equation N a 0 * + Na *0 

108 62 

=s 2 NaN 0 j, we find that 2*48 N a 0 » will unite with 
170 

62 

2*48 Na a O = 1*42 Na* 0 . 2*48 N* 0 * added to 1-42 

Na ,0 gives us NaNO* = 3 '90. 

We now convert our potash (1 * 20) into potassium sulphate. 
Working on the equation K *0 + SO s = K a SO« we find that 

94 80 174 

SO 

I *20 K *0 will combine with i # 2o X — SO* = 1*02 SO* 

94 

1 * 20 K a 0 added to i *02 SO* gives us K a S 0 4 = 2’22. 

Our total SO s is 3*62, and we have used for the potassium 
sulphate 1*02. There is, therefore, a balance of 2* 60 to be 
disposed of. This is converted into sodium sulphate. Work¬ 
ing on the equation SO* + Na a O = Na*S 0 4 , we find that 2*60 
80 62 142 


2 G 
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S 0 s will combine with 2*6ox^ Na a O = 2-oi Na* 0 . 2*6o 

SO s added to 2-oi Na *0 gives us Na*S 0 4 = 4*61. 

All the available acids having been used up, we must con¬ 
vert the rest of our bases into carbonates. Turning to the 
soda, we have used 3*44 Na for chlorine. We must now find 
the equivalent of this in terms of N aO* This is done by multi¬ 
plying by the molecular weight of Na a O, and dividing by that 

62 ' 

of Na* Now 3*44 x — = 4*64 Na* 0 , therefore, used for 
46 

chlorine = 4*64. To this we must add the Na a O used for the 
other combinations. The list stands— 


Na ,0 used for NaCl.4*64 

Na ,0 „ NaNO g .1*42 

Na*Q „ Na,S 0 4 .2*01 

Total Na ,0 used.8*07 


Our total Na a O was 16 • 10, we have therefore a balance of 
8*03 Na a O to deal with. This is converted into carbonate by 
multiplying by the molecular weight of sodium carbonate 
(Na 2 C 0 4 = 106), and dividing by that of soda (Na t O = 62). 

8*03 X ^ = 13 * 73 - Hence Na a CO s = I 3 # 73 - 

The lime has been hitherto untouched, so we calculate all 
of it (8-21) into carbonate, by multiplying it by 100 and 

dividing by 56 (see previous example). 8*21 x = 14-66. 

Hence CaC 0 3 = 14-66. 

Similarly our magnesia (2*89) having been untouched, we 
convert it into the carbonate by multiplying by 84 and dividing 

8d 

by 40 (see previous example). 2*89 x — = 6-07. There- 

40 

fore MgCO t = 6*07. 

The silica, iron oxide, and alumina are added together 
(0-18+ i*Oi + 0-51 = 1-70). 
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Our combinations therefore stand:— 


Sodium chloride (NaCI) . 

.. 8*7$ graihs per gallon 

Sodium nitrate (NaNO a ). 

•• 390 

tt 

tt 

Potassium sulphate (KfSO*) .. .. 

.. 2*23 

tt 

tt 

Sodium sulphate (NaySOJ. 

.. 4*61 

tt 

tt 

Sodium carbonate (Na t CO i ) .. .. 

•• > 3*73 

ft 

tt 

Calcium carbonate (CaCO t ) .. .. 

.. 14*66 

ft 

tt 

Magnesium carbonate (MgCO t ) 

.. 6*07 

tt 

tt 

Silica, alumina, and oxide of iron \ 
(Si.O, AlfOf, Fe t O t ) I" 

.. 1*70 

ft 

tt 

Total . 

• • S5*4 

tt 

tt 


2 G 2 
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CHAPTER X . 

THE ANALYSIS OF MALT AND WORT. 

PRELIMINARY. 

In analysing a malt, due regard must be given to the fact 
that it is not a homogeneous material, and that the chemical 
composition of a mouldy, undervegetated, or non-vegetated 
corn will widely differ from that of a normal corn, such a9 
composes (or should compose) the bulk of the sample. It 
is therefore of importance, in the weighing out of the 
separate little lots for the various determinations, to take 
them as fairly as possible, and to include in them their fair 
proportion of what may be termed abnormal grains, when 
such are present To do so, the sample (which should 
always be stored in a well-fitting tin, or stoppered bottle) 
should be thrown out on to a piece of paper, and the lots 
for weighing selected from different parts of the heap, which 
should previously be as thoroughly mixed as possible by 
means of a clean spatula. We have known of very di¬ 
vergent results arising from want of attention to these pre¬ 
cautions. It is unnecessary to say, in addition, that as malt 
is very distinctly hygroscopic, it is imperative not to expose 
it for any time to the atmosphere during the course of the 
analysis. 


The Diastatic Capacity of Malt. 

The only process by which the diastatic capacity can be 
at once accurately and conveniently determined is that devised 
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by Lintner • It is based upon the researches of Kjeldahl 
(see p. 149) who found that the relative strength of a diastase 
solution is estimable by the amount of maltose produced from 
a uniformly prepared starch, on condition that the maltose 
so produced does not exceed 50 per cent of the total con¬ 
version products of that starch. In other words, so long as 
the conditions of the test are such as to prevent the above 
limit being exceeded, we can compare one solution of diastase 
with another, or one malt with another, saying, for instance, 
that the first is twice as strong in diastase as the second, 
supposing that the same amount of maltose is produced in 
the one case by half the quantity of diastase solution or malt 
used in the other case. 

This comparability is a point of the utmost importance ; 
for if the comparison does not hold, any strict relation 
between malts, as regards their diastatic power, will be 
impossible, and the result will be useless and unreliable. 
This point is insisted upon because other methods have 
been proposed for the determination of diastatic capacity, 
which fail through neglect of Kjeldahl’s limits. Thus, for 
instance, Salamont has recently proposed a method of this 
sort, where the quantity of maltose produced may exceed the 
limits in question. In criticising and condemning this method, 
one of us | clearly showed by actual experiment that no 
relation existed between the maltose formed and the diastatic 
strength of the malt 

The test is performed by simply observing the volume of 
a cold-water extract of a malt sample which reduces a given 
volume of Fehling’s solution, or rather, which produces from 
starch that constant amount of maltose which is necessary 
to exactly reduce the Fehling’s solution. It is clear, if a given 
volume of Fehling’s solution is reduced by say t c.c. of the 

• • Wochenschrift fur Braoerei, 1886 ; pp. 733 and 753,* translated. Brewing 
Trade Review, 1887, p. 204. f Cantor Lectures, 1888. 

X G. II. Morris, Brewing Trade Review, 1888, p. 435. 
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cold-water extract of a malt sample A, while the same 
amount of Fehling’s solution is similarly reduced by 0*5 cc. 
of the diastase extract of a malt sample B, that sample B 
has twice the diastatic capacity of sample A. In expressing 
the result, we may either refer all malts to any given malt, 
which has, for instance, given us the best practical results ; or 
we may refer all malts to a fixed arbitrary standard. The latter 
plan is preferable, inasmuch as practical success depends on 
factors other than the diastatic capacity of malt, and if we 
select an arbitrary and fixed standard, we eliminate all such 
variable factors. 

Lintner proposes the following as a standard : the dia¬ 
static capacity of a malt is to be regarded as 100 when o* 1 cc. 
of a solution made according to the directions afterwards given, 
reduces 5 cc of Fehling's solution. This is the standard by 
which all results are expressed in this book, and its meaning 
will become clearer when the examples are worked out 

In extracting the diastase from malt, the ground malt is 
soaked in cold water. By this means the diastase is dissolved 
out, but at the same time we extract certain sugars in the 
malt (maltose, invert-sugar) which will also reduce Fehling, 
and which will thus raise the apparent diastatic capacity of 
malts. It is true that the amount of reducing sugars so 
dissolved is not very appreciable, and is very fairly constant 
in amount, and the error due to them is therefore of not much 
moment In very highly cured malts, however, the amount 
of these bodies is raised, due to a caramelisation of the starch 
and to the reducing action of some of the products of 
caramelisation. On this ground, a short and simple method 
is appended by which a suitable correction for the sugar dis¬ 
solved with the diastase can be made ,* at the same time it 
is, as a rule, a process which can be neglected. 

For Lintner’s method we require soluble-starch, which 
must be of uniform composition, and Fehling’s solution. The 
preparation of Fehling’s solution will be found in the Ap- 
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pcrulix; the soluble-starch is prepared as follows, and it is 
always well to prepare a good quantity at a time (say 1 to 2 
lbs.), for its preparation, whether in large or small bulks, is a 
somewhat long and tedious operation. 

The required amount of starch ("pure" potato starch of 
commerce) is mixed in a basin with a 7* 5 per cent solution of 
hydrochloric acid (sp. gr. 1037), sufficient acid being used to 
cover the starch. After standing for seven days at 6o° F., or for 
three days at 104° F., the starch is rendered soluble. It is now 
washed free from acid by decantation with cold water until the 
wash water shows not the least acidity with litmus paper. 
The water is now drained off as far as possible, and the starch 
dried by exposure to the air. The dry starch is kept in a 
stoppered bottle, and, as it is required, 2 grams are abstracted, 
dissolved in hot water, cooled and diluted to 100 cc 

In extracting the diastase from malt samples, the malts 
are treated as follows: 25 grams of ground malt * are digested 
with 500 cc cold water at the ordinary temperature (56°-70° F.) 
for five hours. The mixture is then filtered, and filtration con¬ 
tinued until the solution is perfectly bright It is this bright 
solution which we require, and only a little of it being wanted 
there is no need to filter through anything like the whole of 
the extract The determination is made as follows:— 

Ten test-tubes are placed in a suitable stand, and to each 
is added 10 cc of the 2 per cent solution of soluble-starch. 
Then to each of the scries we add a gradually increasing 
amount of the bright malt-extract: o* 1 c.c. to the first, 0*2 to 
the second, and so on, so that the tenth tube receives 1 *0 cc 
They are now thoroughly shaken, and allowed to stand at the 
ordinary temperature for exactly one hour.f It is necessary 

0 In weighing out ground malt it it advisable (in order to ensure fair pro- *• 
portion of bosk and flour) to weigh oat roughly the required quantity of malt in 
the unground stale. This b then ground, and any deficiency made up Ity the 
addition of a little ground malt, prepared for the purpose. 

t Since writing the above we have found that the temperature at which the 
tubes containing the various quantities of diastase solution and starch are digested 
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to see that this period is not appreciably shortened or pro¬ 
longed. 

At the end of this hour's stand, 5 c.c. of Fehling's solution 
are added to each'tube, the tubes again shaken, and the whole 
series placed in boiling water for ten minutes. The tubes are 
now observed, and the degree of reduction noted. Some will 
be over reduced (as shown by their yellow colour) some will 
be under reduced (as shown by their blue colour). We select 
the two consecutively numbered tubes, the one of which is 
slightly over reduced, and the other of which is slightly under 
reduced. The number of c.c. of malt-extract to have produced 
exact reduction will then lie between the number of ex. 
added to the one, and that added to the other. Occasionally, 
of course, one tube will be neither blue nor yellow, showing 
that the number of c.c. of malt-extract added produced 
exact reduction. In this case, the number in question is noted; 
if, however, the point lies between any two tubes, say 
between the o # 3 and the 0*4, we call it 0*35. Sometimes, we 
should call it 0*32 or 0*38, according as to whether the point 
of exact reduction lay either nearer to the 0*3 or the o - 4. 
A little practice soon gives the necessary experience forjudging 
with sufficient correctness the intermediate second decimal 


The Determination of Maltose, Dextrin, &c. 

The method which we employ for this purpose closely 
follows that described by Heron, which was based upon the 


for one hoar makes a very considerable difference in the result; the higher the 
temperature the higher the apparent diastatic capacity. Indeed, the difference 
in temperature between two laboratories is frequently sufficient to cause very 
serious divergencies in results when the same malt is operated upon. In order 
to eradicate this source of error, we therefore recommend that the tubes be ex¬ 
posed not to the air; but that they be digested in a water-bath adjusted to a 
constant temperature, winter and summer, and kept at tliat temperature during 
the digestive period. Since it is easier to heat water than to cool it, we con¬ 
sider that a temperature of 70° F. best meets the case. 
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methods of O’Sullivan; * and although we make some 
modifications in it which we consider advantageous, the 
principle remains the same. The method in question differs 
very appreciably from that given in existing text-books; these, 
in ignoring certain most important points, are quite unreliable 
and valueless. There is no need to criticise these methods, 
since they arc now generally admitted to be faulty; but it is 
perhaps, desirable to very briefly call attention to the dis¬ 
tinguishing points of the newer methods, in order to bring 
out certain important factors which have been ignored in malt 
analysis till comparatively recently. 

In the first place (as has been already pointed out in 
Chapter IL,p. 133), malt contains certain ready-formed sugars 
(maltose, cane-sugar, invert-sugar). In previous methods of 
analysis no account was taken of these sugars ; the malt was 
mashed and the whole of the reducing sugar found was then 
calculated as maltose. But the reducing sugar consists not 
only of maltose due to the conversion of starch, but (1) of 
maltose ready formed in the malt, and (2) of invert-sugar 
ready formed in the malt Therefore the maltose result as 
ordinarily obtained will be erroneously augmented by the 
maltose in the malt and by a totally different sugar: invert- 
sugar. Seeing that the amount of maltose and invert-sugar 
in malts varies, it is clear that the result ordinarily arrived 
at is, on that ground, unreliable; it is further obvious that 
when a totally different sugar, i. e., invert-sugar, is reckoned 
as maltose that the error is increased, for the reducing powers 
of these sugars are different 

What we principally want to know in analysis is how the 
malt-starch breaks up under standard conditions of conversion; 
that is, the actual proportions of starch transformation pro¬ 
ducts ; and it is clear that the older method fails to give us 
the maltose, and we shall see that it is similarly unreliable in 
respect to the dextrin. 

• Joann] Society Chemical Industry, IS88, p. a67. 
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As we know, malt-starch is broken up according to circum¬ 
stances into maltose, dextrin, and amyloYns (maltodcxtrins). 
We know, however, that all the transformation products of 
starch are capable of expression in terms of maltose and dex¬ 
trin, and it is the varying proportions of these that we must 
first arrive at before estimating the amyloYns. The errors of 
the ordinary means of determining the maltose have been 
touched upon; still greater errors attend the usual manner 
of determining the dextrin. Analysts have hitherto at¬ 
tempted to determine it by converting the whole of the 
dextrin and the maltose present in the wort (by boiling with 
acid) into dextrose, which is then estimated. The maltose, 
having been determined, its equivalent of dextrose is calcu¬ 
lated, and this, subtracted from the total dextrose produced, 
gives the dextrose due to dextrin. By a calculation the 
dextrin is thus determined. This involves a scries of errors. 

(1) In the first place the figure subtracted to represent 
the glucose equivalent of the maltose must be wrong, inas¬ 
much as the maltose, as ordinarily determined, is incorrect, 
as has been already explained. 

(2) The malt contains an appreciable quantity of cane- 
sugar. This sugar does not reduce Fehling as such, but 
during the boiling with acid it becomes inverted, and the 
invert-sugar will be entered in the result as dextrose formed 
from dextrin, and will thus be calculated into dextrin, the 
true proportion of which will be thus augmented, as a rule, by 
some 4 to 5 per cent 

(3) During the boiling with acid one of two things must 
occur: either some of the dextrin is not converted, or else, if it 
be so, a portion of the first formed dextrose is converted into 
numerous bodies which exert no influence upon the Fehling's 
solution. In either case, therefore, there must be a loss, and 
experience shows it to be considerable. 

(4) During boiling with acid the albuminous bodies suffer 
some form of decomposition, and become partially converted 
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into substances which exercise a reducing action on Fchling’s 
solution. This forms a source of error on the plus side 

It is therefore evident that these methods for getting 
at the starch-transformation products are useless, and it 
becomes necessary to describe how these may be correctly 
determined. 

The first thing to do is to make the necessary correction 
for the ready-formed sugars. This can be readily done by 
extracting the malt with cold water for 2 to 3 hours.* The 
cold water will leave the starch unaffected, and the cold ex¬ 
tract will therefore contain none of the starch or the starch- 
transformation products. We may regard the cold extract as 
containing the ready-formed sugars, the acid, the nitrogenous 
matter soluble in cold water (including the diastase), the 
mineral matters soluble in cold water, together with mere 
traces of colouring matter, &c. 

If, therefore, we make the cold-water extract with a 
definite bulk of water, we can get the total amount of ready- 
formed sugars by estimating firstly the total solid matter in 
the solution, and subtracting from that figure the sum of the 
soluble albuminoids, ash and acid. All these determinations 
are easy enough. 

Having obtained our total reducing sugars it is necessary 
to find in what way they will effect the analytical determination 
of the maltose and dextrin in the hot-water mash, which will 
include these starch-transformation products as well as the 
ready-formed sugars. As we shall afterwards estimate the 
maltose by Fehling’s solution, and the dextrin by the polari- 
meter it becomes necessary, therefore, to determine the effect 
of the ready-formed sugars on Fehling and on the polarimeter. 
We therefore take the reducing action of the cold extract on 
Fehling and also determine its opticity (or rotatory capacity 

• The digestion of the mdt with cold water most not be prolonged, or the 
diastase extracted will attack the small and raptured starch-granules. This will 
result in the formation of maltose, and thus cause the amount of ready-formed 
sugars to appear higher than really is the case. 
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on polarised light). These numbers obtained, we can proceed 
to mash our malt by digesting it with hot water; using, of 
course, the same conditions for all samples, so that the 
results of various malt analyses may be comparable. Having 
done so, let us consider what our hot-water extract will con¬ 
tain : firstly, it will contain the starch-transformation products 
which we can express in terms of maltose and dextrin; 
secondly, the ready-formed sugars; thirdly, the albuminoids 
soluble in hot water; fourthly, the ash soluble in hot water; 
and finally, traces of colouring matter which do not affect 
the analysis. 

The next point to determine is the reducing action of 
the hot-water extract on Fehling's solution. The reduction 
will be partly due to maltose formed from the malt-starch, 
partly due to the ready-formed sugars. Now if we subtract 
the already determined reducing action of the cold-water 
extract, it is clear that the residue is due to the maltose 
formed from the starch, and from that only. Similarly, if 
we determine the opticity of the hot-water mash, and sub¬ 
tract from it the opticity of the cold-water mash, we get the 
opticity due to the dextrin and maltose from the malt starch, 
and from that only. These results enable us obviously to 
arrive at the exact proportion of maltose and dextrin, the 
proportions of which it is so necessaiy to know. 

We can check the accuracy of the analysis in this way: 
the difference between the total solid matter of the cold- 
water mash, and that of the hot-water mash will be 
essentially the maltose and dextrin which are present in 
one and not in the other. As we determine the total solid 
matter in both extracts in any case, the agreement of the 
difference between these figures, with the added percentages 
of maltose and dextrin as obtained by direct analysis, will 
afford a proof of the accuracy of these determinations. There 
is a tendency for the difference in the total solid matter of 
the hot and cold mashes to somewhat exceed the added per- 
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centages of maltose and dextrin as determined, because the 
conversion of that portion of the starch which becomes hydro¬ 
lysed into maltose is attended by an increase in weight On 
the other hand, the ash and albuminoids, soluble in hot, are 
rather greater than those soluble in cold water. On these 
grounds the agreement is seldom absolute; still, in the 
majority of cases, the difference is not, and never should be, 
more than I * 5 per cent 

When necessary, the albuminoids and mineral matter 
in the hot wort may be determined, but this is not often 
necessary. The gravity of the hot mash measures the 
brewers’ extract of the malt, and figures so obtained agree 
closely with those obtained in practice. Beyond the deter¬ 
minations already referred to, we must estimate the acid in 
the malt, and the moisture. These tests are exceedingly 
simple. As previously stated, methods exist for the determi¬ 
nation of the amylolns, and these will be given. 

Statements as to the vegetation, evenness, colour, &c., of 
the malt should accompany the chemical examination. 

These preliminary remarks will sufficiently serve to explain 
the scope of the analysis and its objects. We must now turn 
to the details of the various processes by which they may be 
obtained. 


1. Preparation of the Cold-water Mash. 

Twenty-five grams of ground malt (see footnote, p. 455) 
are digested at the ordinary temperature for three hours, with 
2 50 cc distilled water. This is filtered until bright (about 
120 cc. of bright filtrate will suffice). 100 c.c. of the filtrate 
contained in a suitable beaker arc heated on the water-bath 
for fifty-five minutes at 150" 8° F. (66° C.), then for five minutes 
the temperature is raised to 168 0 F. (70° C). It is now 
heated to boiling, and boiled for five minutes ; then cooled, 
transferred to a flask graduated at too c.c., diluted to that 
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measure, and filtered. The bright solution must be analysed 
as follows:— 

(1) Take the specific gravity at 6o° F. 

(2) Determine the reducing power on Fehling’s solution 
(cupric oxide reducing power) gravimetrically with 10 ex. of 
the solution. 

(3) Determine the opticity (polarimetric reading) with 25 
c.c., previously adding 2 * 5 ex. of alumina solution, and filtering 
before taking the reading. 

(4) Determine the ash by evaporating 25 c.c. to dryness 
in a weighed platinum dish, and then igniting. 

(5) Determine the albuminoids by evaporating 10 c.c. to 
dryness, and treating the whole of this residue according to 
Kjeldahl’s process. 

The above is what wc require to do on the cold-water 
mash ; remarks on the gravimetric estimation of the reduced 
copper (No. 2), the determination of opticity (No. 3), and of 
the albuminoids (No. 5), will follow the sketch of the pre¬ 
paration of the hot-water mash. The determinations of 
specific gravity, and of ash, do not require further descrip¬ 
tion. 


2. Preparation of the Hot-water Mash. 

Mash 50 grams of ground malt with 400 c.c. of water at 
154*5° I 7 - (68° C.) and place in a water bath at such a heat 
as will keep the mash at 150*8° F. (66° C). This is best done 
by getting the required volume of water in a beaker up to the 
right heat, inserting in the water bath, and adding the ground 
malt slowly, stirring the while, preferably with a thermometer. 
The mash is kept at the temperature named for fifty-five 
minutes, and then raised to 158° F. (70° C.) for five minutes. 
This being done, the mash is cooled, poured into a flask. 
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graduated at 51$ ex.,* and then filtered. 250 cc. of the 
filtrate arc boiled for fifteen minutes [note whether the wort 
"breaks” satisfactorily], returned to a flask, graduated at 250 
cc., cooled, and made up to 250 cc 

Now determine:— 

(t) Specific gravity of the solution at 6o° F. 

(2) Reducing action on Fchling’s solution, using 5 cc of 
solution for this purpose 

(3) Opticity of the solutioa 

3. Determination of the Cupric-reducing Power by the 
Gravimetric Method (O’Sullivan’s Process). 

Although this process is used in all the scientific laboratories 
of this and other countries, a few words as to its working may 
not be out of place, inasmuch as previous text-books on brewing 
analysis have seemed to give preference to the more conve¬ 
nient but unreliable volumetric process. The gravimetric pro¬ 
cess gives remarkably accurate results if carried out as follows. 

30 c.c. of Fchling's solution are placed in a beaker, and 
diluted with 50 cc of well-boiled distilled water. The mixture 
is then heated in a boiling water-bath. After five minutes, 
the required volume or weight of the substance to be tested is 
added, and the whole is then heated in the boiling water-bath 
for ten minutes. The precipitate is then filtered as rapidly as 
possible, and washed with boiling water. It is dried in the 
ordinary way, and ignited in a porcelain crucible for twenty 
minutes, and weighed. The copper will now exist as cupric 
oxide (CuO). To calculate the amount of maltose in the known 
weight of substance employed, multiply the weight of the cupric 
oxide by o * 743 5. To calculate the weight of dextrose or invert- 
sugar, multiply the weight of cupric oxide by 0*4535 or 
0*4715 respectively. 

• TIm number 515 cc may teem an odd one ; but it Is chosen as representing 
the bulk occupied by 500 cc water and 50 grams of malt This number a 
recommended by Heron as the average of many experiments. 



464 A Text-Book of the Science of Brewing . 

4. Determination of the Opticity , or Polarimeter Reading. 

This is not the place for anything approaching a complete 
or exhaustive description of the polarimeter and its uses. For 
this, the reader should consult Heron’s paper already referred 
to. The following directions presuppose a sort of general 
knowledge of the polarimeter, and only its application to the 
determination of the opticity of the cold- and hot-water 
mashes will now be touched on. 

As a rule, the readings are taken in a 1 -decimetre tube, 
for the solutions are rather too deeply tinted to permit of a 
2-decimetre tube being used. When the solutions are so dark 
as to interfere with an accurate reading in the 1-decimetre 
tube, it is preferable to dilute them rather than to decolourise 
with charcoal. In such cases, 25 c.c. of the solution diluted 
to 50 c.c. will generally give the required reduction in tint 

It is very frequently necessary to clarify the malt solutions 
by adding alumina solution. In the event of a wort having to 
be diluted, the alumina is added after dilution; and in any 
case the amount of alumina should be one-tenth of the volume 
of solution to which it is added. Directly the alumina is 
added, the wort may be at once filtered, and the 1-decimetre 
tube filled with the bright solution. 

The alumina is prepared as follows: “alumina cream," 
“ moist alumina,” or “ aluminium hydrate,” as purchased, is 
beaten up with distilled water to a thin cream; the desired 
consistency is obtainable by taking one part of “moist 
alumina,” and ten parts water. 

The tube is now filled with the clear solution, diluted or 
undiluted, as the case may be, and the deflection read, either 
in a “ half-shade ” or Laurent instrument, or in a “ transition 
tint,” or Soleil-Ventzke-Scheibier instrument. The former 
is perhaps preferable, inasmuch as it permits of a rather 
greater amount of colour than the latter. 

In all cases this reading is referred to the deflection for 
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the D line of the spectrum. It would, of course, answer 
equally well if all results were referred to the mean yellow 
line of the spectrum; but in any case one form of expression 
should be adhered to, and the D line result is adopted through¬ 
out the analytical section of this work. 

In using the transition tint apparatus, the reading has to 
be taken on a straight scale, which expresses it in terms of 
cane-sugar. In order to connect the reading with angular 
degrees for the D line, we have to multiply the reading on 
the straight scale by o* 346. 

When a half-shade instrument is used the reading is taken 
on the circular scale in regular measurement, and corresponds 
without further calculation to angular degrees for the D line. 

Tiie Determination of Nitrogenous Bodies by 
Kjeldahl’s Process. 

The wort-solids (which need not be chemically free from 
moisture, but must be to all appearance quite dry) are treated 
in the flask in which they have been dried, with 10 ex. of a 
mixture of equal parts of fuming sulphuric acid and ordinary 
strong sulphuric acid, which mixture is kept in stock. 

The whole is digested for an hour and a half over a low 
flame, the flask being covered with a clock-glass. At the 
expiration of this period, the flame is removed, and powdered 
potiLssium permanganate is dropi>cd in from a spatula in 
small quantities at a time, until the mixture turns per¬ 
manently green or permanently purple. The clock-glass 
is, of course, replaced immediately after the addition of 
each lot of permanganate so as to prevent loss by spurting. 
The mixture is now allowed to cool, diluted with 200 cc 
of ammonia-free distilled water, and the whole poured into 
a distilling flask connected with a condenser. The receiver 

is a small flask containing 25 cc. of — sulphuric acid 


2 11 
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(Jfr normal strength*), and connected to the condenser by 
an adapter. The thin end of the adapter dips into the 
sulphuric acid, and vent is given by a second hole in the 
cork. The apparatus being ready, a little powdered pumice 
stone is added to the mixture in the distilling flask, which 
is then made alkaline with 40 c.c. of an ammonia-free sodium 
hydrate solution of specific gravity 1*300. 

Heat is now applied to the distilling flask, and the 
distillation continued till about 150 c.c of distillate have 
passed into the acid in the receiver. The flame is now re¬ 
moved, and the contents of the receiving flask, washed with 
ammonia-free distilled water, poured into a large porcelain 
dish. A few drops of an alcoholic solution of methyl 
orange are added, and the solution is exactly neutralised 
N 

by — ammonia, which is run into it from a graduated 

burette. The exact point of neutralisation is indicated by 
the pink methyl orange turning just permanently yellow. 
N 

The number of c.c. of — ammonia necessary for neutralising 

the solution from the receiver is then noted, and gives us the 
required result 

The process depends upon the fact that on treating 
nitrogenous bodies with sulphuric acid and potassium per¬ 
manganate, the whole of the nitrogen contained in them is 
converted into ammonia. The ammonia is absorbed by sul¬ 
phuric acid being converted into ammonium sulphate. When 
the soda is added and the solution boiled, the ammonia is set 

N 

free and passes over into the standard — sulphuric acid, a 

part of which acid is thereby neutralised. The greater the 

N 

amount of nitrogen in the original substance the more — 
sulphuric acid will be thus neutralised, so that the quantity of 


• Sec Appendix. 
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— ammonia which we use to determine the unneutralised 
20 

N 

residue of — sulphuric acid will, by giving us indirectly the 

amount of acid neutralised, indicate the amount of nitrogen 
in the substances. The necessary calculations in this and 
the other estimations described will be explained when we 
consider the examples. 

The results may be returned in terms of nitrogen, or at 
once calculated into albuminoids by multiplying the amount 
of nitrogen by 6*3. This factor represents the average 
relation between the various types of albuminoids which have 
been investigated, and the nitrogen which they contain. 

It is clearly necessary that the whole of the reagents used 
in the process should be free from ammonia or from substances 
capable of becoming ammonia during the course of the 
analysis. There is no difficulty of course in procuring dis¬ 
tilled water, soda, and potassium permanganate free from 
all traces of ammonia, but in the greater number of cases the 
mixture of fuming and strong sulphuric acid docs contain 
a little ammonia. This ammonia, unless allowed for, would, 
of course, go to swell the apparent percentage of nitrogen in 
the substance under analysis ; but the necessary correction 
is readily made by taking a sample, when commencing a 
fresh stock of the mixed acids, and estimating the ammonia 
in 10 cc. The quantity so found, or its equivalent in nitrogen, 
is of course subtracted from the quantity of ammonia ob¬ 
tained from each Kjcldahl determination. 

The Determination of Moisture, 

Five grams of ground malt are heated in a weighed porce¬ 
lain dish in a water oven at ioo° C. (212° F.), and weighed 
till constant; the loss so obtained will equal the amount of 
moisture in 5 grams of the sample. Due care must be taken 

2 11 2 
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not to heat the malt after the water is expelled. In the 
latter case, the malt is liable to absorb oxygen and the 
weight is therefore increased, and hence the apparent per¬ 
centage of moisture comes out lower than it should. A malt 
fresh off the kiln is generally dry in two hours, an ordinary 
stored malt in four; a slack malt in six or seven hours. 

The Determination of Acid. 

Although the acid in malt is generally due to acid phos¬ 
phates, it is usual, in expressing results, to refer the total 
acidity to lactic acid. 

Fifty grams of ground malt are digested at the ordinary tem¬ 
perature with 300 c.c. of cold distilled water for twelve hours. 
At the expiration of this time, 150 cc arc filtered off, and the 
acidity neutralised with a standard solution of ammonia, of 
specific gravity, 998*6; this is run into the filtrate from a 
graduated burette, litmus paper being used as the indicator. 
The number of c.c of ammonia solution so used is duly noted. 

We shall now take a typical example, and calculate out 
the results obtained on applying the above tests. The ex¬ 
ample taken will be that of a pale and rather lightly cured 
malt. The determination of the amylolns is given afterwards. 


(1) Diastatic Capacity. 

The test was conducted as above described. The tube 
to which O'2 of extract had been added was slightly blue; 
the tube to which 0*3 had been added was slightly yellow. 
The latter tube was about as much over-reduced as the 
former was under-reduced, hence we take 0*25 as the 
number of c.c. of the extract which would have produced 
exact reduction. 

Now the diastatic capacity of a malt is 100 when o* 1 cc. of 
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an extract causes complete reduction of the amount of 
Fchling’s solution employed for the test (5 cc.). Hence 


the diastatic capacity of our malt is ^7^, of the standard, 


or x 100 = 4a The diastatic capacity of the malt is 
0*25 

therefore 4a 

The correction to which we previously referred for reducing 
sugars, extracted with the diastase, is arrived at in this way:— 
Five cc. of Fehling’s solution and 10 cc of starch solution 
are diluted with 10 cc. of water and boiled in a boiling tube ; 
some of the bright extract of malt, as before used, is then run 
into the tube from a graduated burette, until the Fehling is 
exactly reduced. Complete reduction of the Fehling was 
obtained, in this case, when 7 cc of the extract had been 
run in. Calculated out in terms of apparent diastatic 
capacity, the following figures would be obtained:— 


— x 100 = 1 -43. 

7 

If, therefore, we wish to apply the correction wc subtract 
this 1 *43 from the diastatic capacity as previously obtained. 
Thus, in the first example given, the corrected diastatic capacity 
would be 40 less 1 ’43, or 38*57. 

In the majority of cases the correction equals 1 4, and 
it is safe to apply this generally, subtracting it from the 
diastatic capacity as found previous to the correction. It is 
hardly necessary to add that starch-transformation products 
play no part in the reducing action obtained in arriving at the 
correction, since the whole is boiled and the diastase killed 
before any conversion of the starch would occur. 

[Lintncr suggests taking a double series of tubes for the 
diastatic determination ; if, fpr instance, he found the right 
point between, say the 0*2 and the 0*3 tube, he would take 
his second series, adding to the first 0*22, to the second 
0*24, to the third 0*26, &c. But experience has shown us 
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that accuracy is not to be got in this way, since there are 
obvious practical difficulties in accurately measuring out 
hundredths of a c.c. of the extract It is preferable to take 
one series only, in which each difference is one-tenth of a 
c.c, and to judge, by the appearance of the two consecutive 
tubes selected, the number of c.c. which would have been 
required to give exact reduction.] 


(2) Cold-water Mash Restilts . 


(a) Reducing Power .— 10 c.c. of the cold-water mash were 
treated with Fehling's solution in the way already described. 
The weight of dried CuO was o # 162. 

This figure is simply recorded for subsequent subtraction 
from the CuO yielded by the hot-water mash. There is no 
need to refer it to any of the carbohydrates which have 
produced the reduction. 

(£) Opticity .—The opticity of the extract in a 1-decimetre 
tube was 2*8 divisions (Ventzke-Scheibler units). 

(( c ) Specific Gravity .—The specific gravity of the cold-water 
extract was 1008-05. Subtracting 1000, and dividing the 
difference by 3 * 86, we obtain the solids in solution (per cent) 
8*0? 

—i =2*085 grams solid matter. 

3 *06 

(< d) Albuminoids .—10 c.c. of the extract were evaporated to 
diyness and treated with sulphuric acid in the way already 
described. 

N 

20 c.c. of — sulphuric acid required (after the ammoniacal 


distillate had been introduced) 12 • 3 c.c. — ammonia. 

The sulphuric acid used in the treatment was not pure, 
and was found by previous experiment to contain an amount 
of ammonia capable of neutralising 0-7 c.c. of the standard 
acid, then 

12*3 + 0*7 = 13 c.c., and 20 - 13 = 7 c.c> each 1 c.c. 
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acid neutralised corresponds to 0*0007 gram of nitrogen ; 

7 cc. will therefore correspond to 0*0049 nitrogen, or 
0*0049 X 6* 3 albuminoids * = 0*03087 gram. This, therefore, 
is the quantity of albuminoids in 10 cc. extract; in 100 ex. 
the amount will be 0*03087 X 10 = 0*3087 gram. 

Now 100 c.c of extract were made from 10 grams malt. 
To get the percentage of albuminoids on the malt all we have 
to do is to multiply the above figure by 10. The percentage, 
therefore, of albuminoids (extracted by cold water) is 3*087, 
or say 3 *09. 

(e) The Ash .—25 c.c of the cold-water extract were 
evaporated to dryness in a platinum dish and incinerated. 
The weight of the ash was 0*028 gram. 

100 cc. of the extract would therefore contain o* 112 gram* 
This quantity corresponds to 10 grams malt; 100 grams malt 
will therefore give 1 * 12 ash (soluble in cold water). 

Before proceeding to the hot-water mash results, we will’ 
turn to the lactic acid, and this will enable us, with the 
results previously obtained, to determine the percentage of 
ready-formed sguars. 

(/) Lactic Acid—SO grams ground malt were taken; the 
infusion required 6*5 cc of the standard ammonia solution; 
100 grams of malt would therefore require 13 cc. Now 13 cc 
represents 0*13 gram of acetic acid. To calculate from this 
the corresponding amount of lactic acid we multiply by the 
molecular weight of lactic acid (90) and divide by that of acetic 
acid (60):— 

90 

0 ,3 x 6o = 0 ‘ 19 * 

The percentage of acid, as lactic acid, is therefore 0*19. 

(g) Ready-formed Sugars .—We arc now in a position to 
calculate the ready-formed sugars. It will be seen, on 
reference, that the total solid matter in the extract was 

* The factor 6*3 for calculating nitrogen into its containing albuminoid is 
not quite correct, but it is probably sufficiently accurate to ensure no great error. 
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2*085 per cent This number refers to 10 grams malt 
Multiplying by 10, we get the amount (20*85) corresponding 
to 100 grams of malt. 

If we subtract from this figure, the sum of the albuminoids, 
ash, and lactic acid, we get the ready-formed sugars. 

The sum of the albuminoids, ash, and lactic acid will be 
found to be 4*40 (3*09+1*12+0*19); the percentage of 
ready-formed sugars, therefore, will be, 16*45 (20*85 less 

4*40). 

(3) Hot-water Mash Results. 

(a.) Specific Gravity .—This was found to be 1025 *46. 
Subtracting 1000, and dividing the difference by 3*86, we 
find that the total solid matter in 100 c.c. is 6*59 grams. 

We require the above figures subsequently, but we may 
at once turn it to account for calculating the brewer’s extract . 

What the brewer requires to know is the excess gravity in 
pounds over 360 (the weight of a barrel of water in pounds) of 
a wort made from one quarter (equal to eight bushels) of malt 
and with one barrel of water. This is the so-called brewer's 
extract per quarter; and in estimating it, we shall first assume 
that the quarter of malt, which is a definite measure, weighs 
the standard amount, viz. 42 lb. per bushel. 

It is easily found by calculation that 58*33 grams of malt 
bear the same relation to 500 cc. of water, as one bushel of 
malt does to one barrel of water. The excess gravity of the 
58*33 grams per 500 c.c. multiplied by eight, will therefore 
give us the excess gravity of one quarter of malt to one barrel 
of water. 

Now the gravity of the hot-water mash was 1025*46 ; its 
excess gravity therefore 25*46. This was obtained by taking 
50 grams malt, and 500 water; if we multiply the 25*46 
by 58*33, and divide by 50, we get the excess gravity 
of a mash corresponding to one bushel to the barrel. 

Now 25*46 x ^-^ = 29*7. 
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If now we multiply this figure by 8, we get the excess 
gravity from a quarter ofmalt to the barrel: 29*7 x 8 = 23 7*6. 
So far, we have been considering excess over 1000; the brewer, 
however, wants excess over 360. If, therefore, we multiply 
237*6 by 360, and divide by 1000, we get the brewer’s extract 
in excess over 360, or, as it is termed, in pounds per barrel. 

* 37'6 X ^ = 85-536, say 85 5. 

The brewer’s extract per quarter (at 42 lb. per bushel) would 
therefore be 85*5 lb. per barrel. 

Suppose the malt is found by any suitable appliance, such as 
Dring and Fage’s chondrometcr, to weigh, say 40 lb. per bushel 
and not 42 lbs. as previously assumed; all wc have to do is to 
multiply the extract as above found by 40 and divide by 42. 

In this case, therefore, 85*5 x — = 81*4 lb. 

42 

In the above calculation, the assumption is made that 
specific gravity is exactly proportional to concentration. 
Strictly speaking, this is not the case ; still it is an assumption 
that gives results sufficiently near for all practical purposes. 

To save the labour of the foregoing calculations, we may 
use a factor which is obtained by multiplying together the 
various fractions necessary in the calculation. This factor is 
3 • 36. For instance, the gravity of the hot-water mash being 
1025*46, wc simply multiply the 25*46 by 3*36, and at once 
get the 85 * 5 as the brewer’s extract in pounds per barrel, taking 
malt at 42 lb. per bushel. 

(b) Reducing Power of Hot-water Mash .—5 cc taken and 
treated with Fehling as described; weight of dried CuO, 
0*292; 100 c.c, therefore, would have given 0*292 X 20 = 5*84 
grams CuO. 

The CuO from 10 cx of the cold-water mash was o* 162 ; 
100 c.c of that solution would therefore have given us 1 *62. 

If now we subtract 1*62 (as representing reduction due to 
sugars extracted by cold water) from 5*84, wc get the CuO 
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due to maltose produced from the starch : 5*84 less 1 * 62 equals 
4*22 grams CuO. 

It has been found that each gram CuO corresponds to 
0*743 maltose; if, therefore, we multiply 4*22 by 0*743, we 
get the amount of maltose due to the starch transformation in 
100 c.c. of the wort: 4*22 x 0*743 = 3*135 grams maltose. 

This figure gives the maltose (due to starch transformation) 
in 100 c.c. of wort, and this corresponds to 10 grams of malt; 
on 100 grams of malt the maltose will therefore be 31*35 
grams. 

( c) Opticity .—The reading of the hot-water mash in a 
i-decimetre tube was 22*6 divisions (Ventzke-Scheibler units). 
This figure will give us, firstly, the opticity of the wort, and 
subsequently the percentage of dextrin. First, as regards 
the opticity of wort: we first convert the above reading into 
angular degrees by multiplying by 0*346 (this calculation 
would of course be unnecessary where the reading is taken in 
a half-shade instrument giving angular degrees direct) : 

0*346 x 22*6 = 7*82. 

7 * 28 degrees is the deviation (for D line) of a solution con¬ 
taining 6*59 per cent, solid matter (see specific gravity). To 
calculate the opticity or specific rotatory power, we have to 
put the deviation on 100 per cent, of solid matter; we there¬ 
fore multiply 7*82 by 100 and divide by 6*59. 

Thus opticity («) D = ZJg x 100 = ii8 *6°. 

6*59 

The dextrin is obtained as follows from the reading. Firstly 
we must subtract from our reading just obtained that yielded 
by the cold-water mash (2*8): 22*6 less 2*8 equals 19-8. 
This reading will be the deviation due to maltose and 
dextrin produced from the transformation of starch; we must 
now find how much of it is due to the maltose. 

The maltose in 100 c.c. was 3*135. If we multiply this by 
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3*905* we get the deviation due to the maltose: 3 *135 x 
3905 = 12*24. 

The total deviation was 19*8 ; subtracting 12*24 we get 
7*56 as the deviation due to dextrin. We must now divide 
this by 5*625,1 which will give us the dextrin in 100 c.c. of 
solution. 

USk- = 1 * 34 . 

S' 6*5 ** 

If now we multiply the above by 10 we get the percentage 
of dextrin in the malt, 1 * 34 x 10 = 13 *4 per cent 

(4) Moisture. 

7*124 grams malt taken; the loss on heating until the 
weight constant was o*88. 

Percentage of water = 0 88 * 100 = 123. 

7 * 1*4 

If we add up the whole of the constituents as above obtained, 
and subtract the sum from 100, we get the " grains,” but we 
must remember that the maltose existed in the malt as starch ; 
however, by subtracting a J 0 th from the percentage of maltose 
we get the amount of starch it corresponded to. The grains, 
obtained by difference, will not be absolutely accurate, because 
the ash and albuminoids extracted by cold water would be 
somewhat lower than the amounts of these groups of bodies 
extracted by hot water. But the exact percentage of grains 
is not a very important matter, and in the ordinary way they 
may be calculated with sufficient accuracy in the way sug¬ 
gested. When, however, complete accuracy is desired, the 
ash and albuminoids in the hot-water mash would have to be 
determined, and these figures substituted for those obtained 
by determining them in the cold-water mash. 

* 3*90$ is the deviation in a I-decimetre tube (Ventike-Scheibler units) of a 
solution containing I gram pure maltose per loo c.c- 
t 5*625 b the deviation in a I -decimetre tube of a solution containing one 
gram pure dextrin per 100 ex- 
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The manner in which the wort “ breaks” on boiling, the 
physical characteristics of the malt, and other points of 
practical interest should also be noted ; and the report should 
include remarks on these matters as well as on the analysis. 
Where the colour of the wort is a point requiring special 
attention, it may be conveniently and accurately measured by 
Lovibond’s Tintometer. 

This instrument matches the tint of the wort by suitably 
coloured glasses, each numbered and differing from the others 
in depth of colour. As a rule, however, the colour of a wort 
may be sufficiently described by such expressions as “ very 
pale,” “ pale,” “ fairly pale,” “ dark,” &c. 

Taking the malt, the results of which have been calculated, 
the record so far would stand as follows :— 


Dio*tatic capacity. 38*57 

Opticity of wort (a)D. n8*6 

Colour of wort (hot mash) .very pale 

Behaviour of wort on boiling. “ broke 99 well 

Brewer’s extract at 42 lb. per bushel. 85*5 lb. per barrel 

Brewer's extract at actual natural weight (40 lb. 
per bushel). 81*4 lb. per barrel 

Analysis expressed on ioo parts of malt:— 

Moisture. 1*23 

Acid as lactic acid. 0*19 

Albuminoids (soluble in cold water) . 3*09 

Ash (soluble in cold water) .. 1*12 

Grains.34*69 

Maltose . 31*35 

Dextrin ... .. .. 13*44 

Ready formed sugars (cane - sugar, invert - sugar, 
maltose). 16*49 


101*56* 


As was previously mentioned, and for the reasons then 
stated, the sum of the maltose and dextrin should approxi- 

* The total must exceed 100, since the maltose is heavier than the starch from 
which it was formed. A due allowance can be made for this by subtracting 
i^th of the maltose. 
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matcly equal the difference between the totals of the hot-water, 
and of the cold-water mash. In this case, this difference 
amounted to 45 ‘05 calculated on 100 parts malt (6* 59 less 
2*085 multiplied by 10). The sum of the maltose and 
dextrin is 44*79. These figures of course approximate 
sufficiently closely. 

The Identification and Estimation of the 
Maltodextrins. 

So far, we have ignored the maltodextrins in the wort, 
having referred these bodies partly to maltose and partly to 
dextrin. But this involves a very serious inaccuracy, and 
completely reliable results can only be obtained by estimating 
the maltose and the dextrin locked up in the form of malto- 
dextrin, and subtracting them from the previously found total 
maltose and dextrin. The principles of the method to be 
employed are these: Firstly, we ferment out the free maltose 
and other fermentable sugars; the reducing sugar remaining 
after fermentation will then be due, firstly to maltose locked 
up as maltodcxtrin, and secondly, to certain other substances, 
partly caramelisation products, and partly salts of organic 
acids which are unfermentable and unaffected by diastase; 
a correction is made for these substances. We then degrade 
the wort with a diastase solution (cold-water malt-extract) by 
which we convert the whole of the maltodextrins into 
maltose; the increase in the amount of maltose so produced 
will then give us on calculation the amount of dextrin origin¬ 
ally locked up as maltodextrin. This, added to the maltose 
previously found as maltodextrin, gives us the total amount, 
and the ratio of the two will give us the type of maltodextrin. 

(a) Determination of Maltose in Maltodextrins .—50 cc of the 
hot-water mash (prepared as before described) are “ pitched ” 
with 0*25 gram yeast, and the fermentation allowed to pro¬ 
ceed at 8o° F. for 72 hours. The mixture is then made up 
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to 200 cc and filtered bright; 25 cc of the filtrate are now 
taken for the determination of the reducing power, as described 
above. In order to arrive at a suitable correction for the re¬ 
ducing bodies previously mentioned, we set another 50 cc of 
the hot-water mash to ferment with the same amount of yeast, 
and add to it 0*25 c.c. of a normal cold-water malt-extract 
The conditions of fermentation are precisely the same as 
before described. At the expiration of the fermentation the 
mixture is made up to 200 c.c., filtered bright, and 25 cc of 
filtrate taken for the determination of the reducing action. 

The cold-water malt-extract will convert the whole of the 
maltodextrin into maltose, which will ferment away during 
the fermentation. The reducing action in this case will there¬ 
fore be entirely due to the reducing substances previously 
referred to, and if we subtract the reduction from that obtained 
in the case of the first fermentation, the difference will be due 
to the combined maltose only. 

Example .—50 cc of the hot-water mash were fermented 
as above, and 25 cc. of the fermented fluid gave 0*032 gram 
CuO. 50 cc. of the same mash were similarly fermented 
with the cold-water extract, and 25 cc of the fermented liquid 
gave o* 010 gram CuO. The reduction due to combined 
maltose is therefore 0*032 — o*oio = 0*022 gram CuO. 
This calculated into the corresponding amount of maltose (by 
multiplying by 0*743) gives the figures 0*016346 maltose in 
25 c.c., or in 100 c.c., 0*0732. This is the amount in 100 cc 
of the diluted solution (50 cc. diluted to 200 cc), therefore in 
100 c.c of the original hot-watcr mash, the amount of maltose 
in the maltodextrins would be 0*0732 x 4 = 0*29gram. On 
the malt, therefore, the percentage of combined maltose is 2 *90. 

( 6 ) Determination of Dextrin in Maltodextrins .—25 cc of 
the hot-water mash are taken, and 2*5 cc. of normal cold- 
water extract of malt are added. The whole is digested for 
one hour at I30°F., then cooled, diluted to 100 cc., and 10 cc. 
taken for the determination of the reducing action. The 
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reducing action of 1 c.c. of the cold-water extract is taken, 
after first diluting to about 10 c.c., and then digesting for one 
hour at 130° F. 

Example .—On reference to p. 473 it will be found that the 
total reducing action of the hot-water mash was 0*292 gram 
CuO per 5 cc.; or on 100 c.c, 5*84 grams CuO. 

In the above determination of dextrin in maltodcxtrin, 
10 c.c of the hot-water mash after degradation and dilution 
gave 0*17 gram CuO. From this we at once subtract the 
CuO due to the malt-extract used. By a preparatoiy deter¬ 
mination 1 c.c. is found to yield 0*08 gram CuO, and the 
10 c.c. of hot-water mash used above will contain one-fourth 
of this, or 0*02. After correction for the cold extract, 10 c.c. 
will therefore giveo* 17 - 0*02 = 0*15; 100 c.c. of the diluted 
extract will therefore give 1 • 5 gram ; this corresponds to 
25 c.c. of original wort; 100 c.c. of original wort will therefore 
give 6*0 grams CuO. 

Now the same amount of original wort previous to degra¬ 
dation gave 5*84; the increase due to degradation of com¬ 
bined dextrin is therefore 0*16. This is calculated into 
dextrin by multiplying by the factor 0*706: 0*16 x 0*706 
= o*ii gram. To calculate this on 100 parts malt we 
multiply by 10. The malt therefore yields 1 • 10 per cent of 
dextrin as maltodextrin. 

We have previously found that the combined maltose on 
too parts malt is 2*90; the combined dextrin is i*io. The 
total maltodextrin is therefore 4*00 per cent 

From the previous analysis we know that the total maltose 
is 31*35. Of this, 2*90 is combined; the balance (28*45) 
will be free. The total dextrin was 13*44; i # io of this is 
combined ; the balance (12*34) will be free or stable dextrin. 

The full results will therefore be (on 100 parts of malt):— 


Maltose (free).28*45 per cent 

Dextrin (free) .'. 12*34 „ 

Mmltodextrins . 4 00 „ 
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These figures are generally calculated, and stated, on 100 
parts of solid matter in the wort, so as to exclude the variable 
factors of moisture and grains. In this case the wort-solids 
were 65*64 per cent; we get our required result by multiply¬ 
ing the previous figures by 100, and dividing by 65*64. The 
free maltose, free dextrin, and maltodextrins will, therefore, in 
this case be— 


Maltose (free).43*19 

Dextrin (free).18*80 

. «•» 


It will be noted that the maltodextrins produced from the 
sample of malt under the mashing conditions adopted, approxi¬ 
mate closely to the | ^ ^ type. 

Preparation of Normal Malt-extract .—400 grams of ground 
pale malt are mixed with a litre of distilled water to which 
5 c.c. of chloroform have been added. The malt is allowed 
to soak for 48 hours. The malt is then strained off, and the 
solution filtered bright 

The chloroform preserves the solution from decomposition 
for about a fortnight; when no chloroform is used it has to be 
made fresh each time, and this necessitates determining afresh 
the necessary correction for the reducing power due to the 
carbohydrates dissolved by the cold water. Preserved with 
chloroform the same corrections apply until the solution 
becomes turbid. Directly turbidity makes its appearance, 
another solution must be prepared and the correction again 
determined. 

The mode of determining the correction for the reducing 
sugars in the solution has been given. 
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Wort Analysis. 

Wort analysis is necessarily similar to malt analysis, but 
is the simpler in so far as the wort has been prepared by the 
brewer ready for examination ; in the case of a malt, the re¬ 
sulting wort has to be made in the laboratory specially for 
the purpose. 

In the ordinary way, all we need determine in a wort is 
its opticity and the percentage of maltodextrins, the latter are 
usually calculated on the wort-solids; in the majority of cases 
the opticity may be neglected. 


(1) Opticity of the Wort. 

To obtain this result, we take the specific gravity of the 
wort at 6o° F. From this we get the solid matter in the 
wort by subtracting 1000 from the gravity, and dividing the 
difference by the factor 3'86. 

The optical activity of the wort is then read in a 1-deci¬ 
metre tube, after clarifying by moist alumina (see p. 464). 
When very dark, the wort may be suitably diluted, and the 
necessary correction made for the dilution. It is impossible, 
however, to polarise stout and porter worts. These are so 
dark as to necessitate an extent of dilution which would 
vitiate the result, while any attempt at removing the colour 
by charcoal is useless, for in the process of dccolorisation a 
very large proportion of the carbohydrate matter is 
removed. In these worts, however, wc can always determine 
the amount of maltodextrin. 

Example .—Specific gravity, 1062 ’7. 


6*17 

386 


16*14 = grams of wort'Solids per too c.c. 


Opticity .—50 c.c. of the wort, diluted to 100 cc, gave a 
deviation in the t-dccimctrc tube of 27*5 (Vcntzke-Scheiblcr 
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units)* ; 27*5 divisions are converted into angular degrees by 
multiplying by o* 346. 

0-346 x ars = 9 'S*?- 

This figure must be doubled to allow for the dilution 
9-515 x 2 = 19-03°. 

To get the opticity we divide this number by the solids 
(16*24), and multiply by 100. 

1903 x = ,,7, °- 
The opticity [«]d is therefore, 117*1°. 

(2) Determination of Maltodextrins in Wort. 

(a) Estimation of Combined Dextrin. —2 cc of wort are 
taken for the total reducing action. Amount of CuO yielded, 
0*30 gram. 

20 cc. of the wort are now digested with 2 * 5 c.c. of normal 
cold-water extract for one hour at 130° F. The mixture is 
then cooled, diluted to 100 c.c, and 10 cc of the diluted liquid 
taken for the determination of the reducing power. This 
amount of degraded and diluted wort gave 0-34 gram CuO. 
From this we subtract the correction for reducing action of 
cold extract (1 cc. = 0*08 gram CuO). 

From 0-34 we therefore subtract 0*02 (see p. 478), giving 
O * 32. The CuO on the same quantity of original wort (2 cc) 
was 0*30. The increase is therefore 0*02, due to degradation 
of combined dextrin ; on 100 cc the increase will be 0*02 
X 50 = i*oo gram CuO; equivalent to combined dextrin, 
i*oo x 0*706 = 0-706 gram. 

(b) Determination of Combined Maltose. —50 cc of the 
wort are “pitched” with 0*25 gram yeast; another 50 cc 
treated in the same way with yeast, and 0*25 cc malt-extract 

* These calculations are given in detail, and explained, under malt analysis, 
see p. 474. 
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added. Both worts arc fermented in the manner previously 
described. After fermentation, both are diluted to 200 c.c., 
filtered, and 25 c.c of each taken for the determination of 
reducing action. 

Reducing action of wort without diastase on above quantity .. o* 13 gram CuO 


„ „ with diastase.0*07 

Reduction due to combined maltose.0*06 


To calculate this on 100 cx. of original wort, we multiply 
0*06 by 16; CuO from 100 c.c. of original wort will therefore 
be 0*96 gram CuO. The combined maltose will therefore be 
(on 100 cc wort) 0*96 x 0*743 = 0*71 gram. 

We now know the combined maltose and the combined 
dextrin in 100 cc. of wort; to calculate these on the wort- 
solids we multiply our results by 100, and divide by the solid 
matter per 100 cc (16*24 grams). 

Combined maltose on 100 parts of wort-solids will therefore 

be 0*71 x ■ l f° — an d the combined dextrin 0*706 x -4—-• 
' 1624 ' 1624 

The results therefore stand (on 100 parts of wort-solids):— 

Maltose in maltodextrin .4*37 

Dextrin in maltodextrin .4*34 

Total maltodextrin .8*71 

Trpe . {lS 

If it is desired (though this is seldom necessary) to deter¬ 
mine the precise proportions of free maltose and dextrin, as 
well as those of the maltodextrin in a wort, it is necessary to 
proceed precisely as in the analysis of a malt. The wort will 
replace the hot-water mash, and the opticity and reducing power 
must be corrected by those of a cold-water mash, made as in 
malt analysis, and analysed as there described. When, as is 
often the case, the wort has been prepared from more than 
one malt, it will be necessary to take each malt used, make 
cold-water mashes of each, and then strike a proper mean for 
the corrections on the wort It would also be necessary to 


2 1 2 
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make hot-water mashes of the malts, and compare their mean 
gravity with that of the wort under analysis; in the event of 
the wort, for instance, being twice as heavy as the hot-water 
mashes, the mean correction applied should be doubled. 

The term mean correction is intended in this way: suppose 
three malts were used in the proportion of 2, 6 , and 10 quarters 
respectively, we should then multiply the corrections of the 
first malt by 2, of the second by 6 , and the third by IQ. If we 
added these products together, and divided by the total (18), 
we should get an average. 

As previously mentioned, it is exceedingly seldom that a 
full analysis of wort is needed. The estimation of the malto- 
dextrins only gives us, as a rule, all the information required. 


( 485 ) 


CHAPTER XI. 

THE ANALYSIS OF SUGARS AND HOPS. 
Invert-sugar* 

In samples of invert-sugar we require to determine the 
actual invert-sugar, the uninverted cane-sugar, the mineral 
matter, the albuminoids, the acidity (if any), the so-called 
4< inert matter,” and the moisture. 

(1) Invert Sugar. 

Take about o # i gram of the sample, dissolve in water, 
and pour into a beaker containing 30 c.c. of Fehling’s solution 
and about 60 cc. of water previously heated. The cuprous 
oxide precipitated is oxidised and weighed in the usual way. 
1 gram of cupric oxide corresponds to 0*4715 gram of invert- 
sugar. 

Example .—Took 0*165 gram of sample. The cuprous 
oxide, after oxidation, weighed (as cupric oxide) 0*245 gram. 

0*245 x 0*4715 = 0*1156 = invert-sugar in amount of sample taken. 

° * 0^165 I0 ^ = 7°‘°6 = percentage of invert-sugar in sample. 

(2) Uninverted Cane-sugar. 

When cane-sugar is digested at 150° F. for twenty minutes 
with a little hydrochloric acid, it is completely inverted; 
and the amount of it is estimable by determining the 
opticity before and after such inversion. 

26*048 grams of cane-sugar dissolved in 100 cc. of water 
will read in a 2-decimetrc tube ato°G, + ioo°; the same 



486 A Text-Book of the Science of Brewing. 

after complete inversion and also at o° will read, — 42*5°. 
The total change in reading incident to the complete inversion 
of the sugar is therefore 142 * 5 0 at o° C. But this change in 
rotation is one degree less for every 2° C. of temperature 
over o°. We must therefore make a suitable correction for 
temperature. Taking the amount of sugar above stated 
(26*048 grams in 100 c.c.) the percentage of cane-sugar 
in it is found by comparing the proportion of the change 
obtained to the maximum change of pure cane-sugar, after 
making suitable allowance for the temperature. 

Example, —26*048 grams of the sample were dissolved 
in 100 c.c., and the reading determined in a 1 -decimetre tube. 
The temperature was 6i° F. (16 0 C.); the resulting reading 
was — 1*4°. 50 C.C. of the same solution were digested with 

5 c.c. HC 1 at 150° F. for 20 minutes; and the reading 
determined in a 1-decimetre tube at the same temperature 
as above, viz. 6i° F. (16 0 C.). The reading was — 1*7°. To 
this — 1*7°, we have to add 10 percent, of the reading, in 
order to correct for the dilution of the solution by the hydro¬ 
chloric acid, thus 1 *7 + o* 17 = — 1*87°. 

Difference in reading therefore in 1-decimetre tube 1*87 
less 1 *4 = o* 37; or in a 2-decimetre tube it would be 0*94. 

We now make the correction for temperature on the 
number representing the change of pure cane-sugar. The 
temperature at which the readings were taken was 16 0 C. We 
must therefore divide 16 by 2, and subtract the result from 
142*5. Thus, 142*5 less 8 = 134*5 0 . 

Since both the standard reading for pure cane-sugar 

and the reading of the sample refer to solutions of the 

same concentration (26*048 grams in 100 c.c), it will follow 

that the percentage of cane-sugar in the sample will be 

0*94 ^ m 

—— x 100 = 0*69.* 

134-5 

* The inversion of the cane-sugar can also be effected by digesting it with a 
small quantity of yeast for 1 hour at 133 0 F. (See p. 490). 
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(3) Mineral Matter. 


About 5 grams of the sample are carefully incinerated and 
the ash weighed. 

Example. —5*11 grams of sample were taken, and 0*073 
gram of ash obtained. The percentage of mineral matter 
0*073 

therefore equals-— x 100 = I *43. 

i 5. n 


(4) Albuminoids. 

About 2 grams of the sample are taken and treated with 
10 cx. of mixed acids, and the Kjeldahl process proceeded 
with in precisely the same manner as in the determination 
of albuminoids in malt (p. 465). 

N 

Example .— 2*845 grams taken. 20 c.c. — H t SO« in 

20 

N 

receiver required, after distillation, 8*6 cx. — NH, for 

neutralisation. 

20 less 8*6 = n*4 

n*4 X *0007 = *00798 gram s N in sample taken 
00798 x 6*3 = *05027 gram = albuminoids in sample 

or expressed as a percentage. 2^1 1 ?2 = 1*77. 


(5) Moisture. 

The direct estimation of the water is not feasible, since in 
any attempt to eliminate it under ordinary pressure, there is 
an inevitable decomposition of the sugar. To perform the 
operation in vacuo, would involve trouble and inconvenience. 
The estimation is, however, accurately made by determining 
the specific gravity of a solution of known strength, and then 
calculating therefrom the solid matter in solution, from which 
by a further calculation wc get the water. 

About 20 grams of the sample are weighed out, dissolved 
in warm water, the solution cooled, and made up to 100 cx. at 
6o° F. The specific gravity is then carefully taken in a specific 
gravity bottle. 
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Example :—Taking 20 grams, the specific gravity of the 
solution made up as above was 1061*76. 


Solid matter in solution = 16*00 grams. 

• from 100 grams sample, 16 
Water percentage, 100 less 80 = 20. 


Solid matter from 100 grams sample, 16*00 x 8o*oo. 


(6) Inert Carbohydrates .• 

The so-called inert carbohydrates are obtained by adding 
together the above constituents, as determined by direct 
analysis, and then subtracting the sum from the solid matter. 
In this case, invert-sugar, cane-sugar, ash, and albuminoids add 
up to 73*95. The solid matter is 80. The inert matters are 
therefore 6*05 per cent 


(7) Breiver’s Extract 

is a function of the water percentage, to which it will be roughly 
indirectly proportional. It can be calculated from the gravity 
of the 20 per cent solution, thus:— 

Gravity of 20 per cent, solution 
Excess gravity over 1000.. 

*t i» •• •• 

= 22*22 lb. per barrel. 

To get from this the extract due to 2 cwt. dissolved per 
barrel, we must multiply the above extract by 62*22 and 
62*22 

divide by 204 Thus — - x 22*22 = 69* 12. 

• The method given above for the estimation of this group of bodies is 
probably erroneous. On the point of going to press, one of us has found that 
these bodies possess a distinct reducing action, and their a would appear to closely 
approximate to that of levulose. If this is confirmed by further experiments it 
will follow that the invert-sugar percentage as ordinarily estimated is too high, 
and that of inert carbohydrates too low. 

t Excess over 360 gives lb. per barrel, since one barrel contains 36 gallons, 
each gallon weighing 10 lb. 

t 62*22 grams per 100 c.c. approximately represents 2 cwt. per barrel 


1061*76 

61*76 

6176 X 

1000 
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The above, therefore, is the brewer’s extract per 2 cwt. in 
pounds per barrel. 

In determining the brewer’s extract, it is necessary to 
determine the gravity of a solution of the sample which shall 
be fairly near that of the ordinary wort That this is 
necessary follows from the fact that excess gravity is only 
approximately proportional to concentration. Thus, if, for 
instance, we took a 10 per cent solution of a sample, and on 
the other hand a 33 *3 per cent solution, and if in both cases 
we referred gravities as determined to pounds per 2 cwt by 
calculation, then the gravity as determined on the weaker 
solution would apparently be greater than that on the 
stronger. 

To be quite accurate, it would be advisable to make a 
special solution for extract determination, preferably 15*555 
grams per 100 cc. In the case of ordinary sugars, the gravity 
of such a solution would just about tally with that of the 
average wort, and by subtracting 1000, then multiplying by 
o* 36, and then by 4, we should at once get the brewer’s extract 
per 2 cwt. 

As a rule, however, it is unnecessary to make a special 
solution for this purpose, the result obtained from the 20 per 
cent, solution, prepared for the determination of water, giving 
results quite sufficiently near for practical purposes. 

The sample of invert-sugar referred to, would stand thus:— 


Invert-sugar .70*06 

Cane-sugar. 0*69 

Inert carbohydrates. 6*05 

Ash . 1*43 

Albuminoids . 1*77 

Acidity 0 . none 

Water.20*00 


100*00 

Brewer's extract .69* 12 lb. per 2 cwt. 

0 Ordinary sugars contain cither no add or only a mere trace of it. When it 
is suffident to be estimable, 10 grams of sample are taken, dissolved in water, and 
N 

neutralised with — ammonia. 

100 
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Remarks would follow here as to the colour of the sugar, 
consistency (fluid or semi-solid), brilliancy (or otherwise) of 
solution; &c, &c. 


Cane-sugar. 

The analysis of cane-sugar for brewers’ purposes is 
conducted on the same lines as that laid down for invert- 
sugar—the constituents being the same, although, of course 
the cane-sugar will be very much more, while the reducing 
sugar (generally put down to glucose) is far less than in 
invert-sugar. On these grounds the quantities taken for 
analysis are rather different 

(1) Glucose .—Take about I gram of the sample, estimate 
the reducing power on Fehling’s solution, and calculate as 
glucose, by multiplying the CuO by 0*4535 (f° r details, see 
determination of maltose in malt-worts, p. 463, and invert- 
sugar in invert samples, p. 485). 

(2) Cane-sugar .—Exactly 26*042 grams are taken; the 
method employed is precisely the same as that described for 
the estimation of cane-sugar in inverts. 

Instead of using the add method described under invert- 
sugar, for determining the cane-sugar, we may make use of 
the invertive action of yeast, or of prepared invertase (p. 158). 
In the former case the neutral cane-sugar solution is heated 
to 55 0 C., (131 0 F.), and pressed yeast, to the extent of about 
one-tenth of the weight of cane-sugar, added. The whole is 
well stirred and the mixture allowed to stand for four hours 
at 55°; at the end of that time it is cooled, a little alumina 
cream added, and the bright solution filtered off. The opticity 
is determined at 16 0 C. (6i° F.) before and after inversion, 
and the amount of cane-sugar present deduced from the fall 
of angle in precisely the same way as described above. The 
amount of cane-sugar thus found is calculated as a percentage 
on the amount taken in the usual way. 
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Ash, albuminoids, water, brewer's extract, as in inverts. 

In determining the ash constituents, with the object of 
discovering whether the sugar has been prepared from the 
sugar-cane or the beet, stress must be laid upon the propor¬ 
tion of phosphoric add, soda and potash. 

(3) Phosphoric Acid .—A fair amount of ash having been 
prepared, about 0*25 gram of it is taken, and digested in a 
beaker for about half an hour with a mixture of one part of 
nitric acid and four parts of water. The mixture is then filtered, 
and the insoluble matter discarded. To the filtrate is added 
about 20 ex. of a solution of ammonium molyblate, and 
digestion continued for three hours at a gentle heat The 
precipitate is then washed by decantation with water con¬ 
taining a few drops of nitric acid; the washings being passed 
through a filter. The precipitate in the original beaker is 
dissolved in ammonia, and that on the filter is returned to 
the beaker, where it is similarly dissolved. 10 c.c. of 
“ magnesia mixture ” are then added, and 50 ex. of dilute 
ammonia (one part ammonia to three parts water); after 
standing for twelve hours the precipitate is filtered, washed 
with dilute ammonia, dried, and weighed as magnesium 
pyrophosphate. The weight of this multiplied by 0*64, gives 
the weight of P* 0 » (phosphoric anhydride) in the amount 
of ash taken. 

(4) Soda and Potash .—About O’3 gram of the ash is 
taken, digested with water, an excess of barium hydrate added, 
and after ten minutes’ digestion the whole is filtered. The 
filtrate containing the soda and potash is now heated with 
ammonium carbonate, and subsequently dealt with in pre¬ 
cisely the same manner as has been described for the determi¬ 
nation of the alkalies in waters (see p. 441). 
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Glucose. 

In glucoses we have to determine the dextrose (glucose), 
maltose, dextrin, gallisin, ash, albuminoids, water, and brewer's 
extract 

Since the dextrose, maltose, and gallisin have all a reducing 
action on Fehling's solution, it is not possible to determine 
these constituents separately as in the case of invert con¬ 
stituents ; but having obtained analytical data as to cupric- 
oxide reducing power before and after fermentation, and 
opticity before and after fermentation, we are able from these 
to calculate the respective amounts of carbohydrates that 
are present. 

(1) Reducing Power .—Take from o*i to o*2 gram, dis¬ 
solve, and determine cupric oxide reducing power in the usual 
way (p. 463). 

(2) Opticity .—Take 10 or 20 grams of the sample (10 if a 
dark sample, and 20 if a pale one), dissolve and determine 
opticity in the usual manner (p. 464). 

(3) Reducing Power and Opticity after Fermentation .— 
Take about 10 grams, dissolve in about 50 to 100 ex. of water, 
add 1 gram yeast, and 0*25 c.c. of normal cold-water malt- 
extract.* To this is also added 10 c.c. of yeast water to 
afford nourishment to the yeast The yeast water is 
prepared by stirring up some yeast (1 part) with water 
(10 parts), boiling and filtering, the filtrate only being 
used. 

The fermenting mixture is kept at 8o° F. for three days, 
then diluted to 200 c.c., a little alumina added, and the whole 
filtered. The reducing power is determined in 10 c.c. of the 
filtrate, and its opticity is also determined in a 1-decimetre 
tube. 

* In no case have we found any difference in reducing power after fermenta¬ 
tion between samples fermented with or without malt-extract; but to be on the 
safe side it is well to add it. 
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Example :— 

Reducing Power before Fermentation. —Took O’ 1201 gram 
of sample; CuO obtained, o* 1747 gram. This is calculated 
into percentage of dextrose on sample, thus— 

0-1747 X 0 - 453 ? * IS? = 65-97 per cent apparent fat, 

0*1301 

Opticity before Fermentation. —Took 10 grams, dissolved 
in water and made up to 100 cc Reading, 17-4 divs. in 1- 
decimetre tube. 

This is calculated into [a]„ thus— 

17-4 x 0-346 x 100 _ _ M 

10 1 'o- 

Reducing Power after Fermentation. —10 grams taken; 
after fermentation, 10 cc of filtrate obtained as previously 
directed, gave 0*036 gram CuO. This is first calculated into 
dextrose as a percentage on sample, thus— 

oo36x_o^3 o S.x,»«>?.io « 3.3 cct. 

Opticity after Fermentation. —Reading in i-dccimctrc tube, 
2 * 5 divs. 

This is calculated into [a] n on sample, thus 
> $ ~ o ff* * *” « , 7 * 3 ° , M p . 

The loss in reducing power and the loss in opticity after 
fermentation will be due to the removal of the fermentable 
matter, the dextrose and maltose We have thus— 


Redidng power before fermentation.65*97 per cent 

*• it after » •• 3*3 »» 

fa *67 »t 

Opticity before fermentation.60* 3 ° 

•• ^ft«r 17*3° 
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62*67 is therefore the reducing power in terms of dextrose 
(k) of the mixture of dextrose and maltose in our sample; 
and 42*9 is the opticity ([a] D ) of this mixture. We can now 
determine the relative proportion of dextrose and maltose by 
the following simultaneous equations, where D and M represent 
respectively the dextrose and maltose in 100 parts of the 
sample*— 

(1) 100 D + 61 M = 62*67 x 100 

(2) 52*8 D + 135*4 M = 42*9 x too. 

From these equations we get— 

D = 56*88 
M = 9*50 

The percentage of dextrose in the sample is therefore 
56*88, and the percentage of maltose 9*50. 

The gallisin is found from the reducing power of the 
solution after fermentation. The gallisin calculated in terms 
of dextrose was 3*3 (sec p. 493.) Since the k of gallisin is 
about 45, we can calculate the true percentage of gallisin, by 

100 3* 3 x 100 

multiplying the above figure by —; thus, -= 7 * 33 . 

45 45 

The dextrin is calculated as follows: the opticity due to 
the percentage of each of the other carbohydrates found 
is calculated, and the whole added together; the difference 
between this number and the opticity of the original sample 
will be due to dextrin. Thus— 


Dextrose . 56*88 .. 56*88 x 0*528 = 29*97 

Maltose. 9*50 .. 9*50 x 1*36 =12*93 

Gallisin.7*33 .. 7*33 x o*84f = 6*i6 


4906 

Opticity of original sample .60*2° 

Opticity due to carbohydrates determined. 49*06° 


11*14° 


• In these equations the figures given are the values of [a]o and a for the 
respective sugars. 

t These numbers and that used below in calculating the dextrin, express the 
opticity given by the respective sugars when 1 gram of each is dissolved in 
too c.c. and the reading taken in the i-decimetre tube. 
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The opticity due to dextrin is therefore 11 * 14°, and— 

ILLUls 5*71 = percentage of dextrin. 
i’9S 

The determinations of ash, albuminoids, water and inert 
carbohydrates are carried out in precisely the same manner 
as described under these heads in invert-sugar analysis 
(p. 487). In this case, they came out as follow: ash, 1*87; 
albuminoids, i’62; water, 15*02; inert carbohydrates, 2*07 
per cent Our analysis would therefore stand as follows:— 


Dextroae .$ 6*88 

Maltoae . 9 * 5 ° 

Dextrin . 5 * 7 * 

Galitsin . 7*33 

Ash . 1*87 

Albuminoids . 1*62 

Water. 15*02 

Inert carbohydrates. 2*07 


100*00 

The brewer’s extract is calculated in precisely the same 
manner as described in the case of invert-sugar. 

Hops. 

There are only two determinations which are at' r all prac¬ 
ticable in the case of hops. These are (i) the detection and 
determination of sulphur; and (2) the determination of tannic 
acid. From what has been said in a previous chapter (p. 204), 
it will be readily understood that any attempt to determine 
the other constituents of hops would be impracticable. 

1. Detection of Sulphur in Hops. 

The ordinary means of testing hops for sulphur consists 
in making an infusion of them in distilled water and then 
submitting the infusion to the action of hydrogen gas. For 
this purpose the infusion is poured into a flask, 2 or 3 grams 
of zinc added, and finally some water and about 5 c.c. of 
hydrochloric acid. The zinc and hydrochloric acid react upon 
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one another with the formation of hydrogen, and if sulphur 
is present the hydrogen attacks it, forming sulphuretted 
hydrogen. The flask in which the experiment is conducted 
is provided with two tubes, one, passing only just below the 
cork, for the exit of the gas, the other passes to below the 
surface of the liquid and acts as a safety valve. If sulphuretted 
hydrogen is evolved, a strip of filter paper, moistened with a 
solution of lead acetate, held at the mouth of the tube by 
which the gas passes off will be discoloured. 

Before pronouncing an opinion as to whether the hops 
are sulphured, any discolouration of the lead-acetate paper 
must be shown not to be due to the materials used. For this 
purpose a blank experiment is made in the same way as above, 
but without the hop infusion. 

It must be admitted that hops which are not sulphured 
occasionally yield sulphuretted hydrogen, when acted upon 
for some time by hydrogen gas; hops which are sulphured 
yield sulphuretted hydrogen shortly after the evolution of 
gas commences. 

Another, and a better method, is to distil an infusion, 
which is made as above. The distillate flows into a solu¬ 
tion of iodine, in order to oxidise any sulphurous acid to 
sulphuric acid, and then tested for sulphuric acid with hydro¬ 
chloric acid and barium chloride. If a precipitate is formed, 
sulphuric acid is present, and will be due to sulphurous acid 
in the distillate, and consequently to sulphur in the hops. 

The latter method can, if required, be employed to quan¬ 
titatively determine the sulpurous acid evolved. In that case 
a weighed quantity of hops is taken, the infusion made up to 
a definite volume, and an aliquot part of it taken for distilla¬ 
tion. The sulphurous acid in the distillate is, after oxidation, 
determined as barium sulphate in the way described on 
P- 437 - 
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2. Estimation of Tannic Acid. 

Many methods have been proposed for the determination 
of tannic acid. They may be roughly divided into two groups, 
namely, those which depend upon the absorption of the tannin 
by hide finings, and those in which the tannin is oxidised, 
and the amount of oxygen used up then estimated. These 
different methods give widely discordant results, and there is, 
perhaps, no tannin-containing substance which gives more 
divergent results with the two methods than does hops. Thus, 
the same sample of hops, when examined by the first method, 
gave 4*15 per cent, of tannic acid, whilst by the second 
method only 1 *8 per cent was obtained. 

A method, falling within the second class, has lately been 
proposed by Kokosinski. We have examined it, and consider 
that for comparative determinations it is to be recommended. 

It is based on the property of tannic acid of absorbing 
iodine with great energy in the presence of alkaline carbonates, 
and is carried out as follows: •—10 grams of hops arc boiled 
with water, and the solution made up to 500 c.c.; as hops 
often contain sulphurous acid, which reacts with iodine, a few 
drops of hydrogen peroxide are added to the hops before 
boiling; this oxidises the sulphurous acid to sulphuric acid, 
whilst the tannin remains untouched. The boiled extract of 
hops is carefully filtered. 

Three flasks, of about 100 c.c. capacity, arc now taken; 
to the first is added 10 c.c. of distilled water, to the second 
10 c.c. of gallo-tannic acid, and to the third 10 c.c of the 
hop infusion. To each flask 4 c.c. of normal sodium car¬ 
bonate solution are added, and then 20 c.c. of the ^th normal 
iodine solution. The iodine must be in excess, and, if ncccs- 

• The reagents required for the determination arc : normal sodium carbonate 
solution, normal sulphuric acid solution, ^th normal iodine solution, j 4 a ths 
normal sodium thiosulphate solution (9*92 grams in I litre), a solution of pure 
gallo-tannic add containing 0*05 gram in 100 c.c.; and a freshly prepared starch 
solution. 


2 K 
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sary, a further quantity must be added. The iodine is allowed 
to act for five minutes in each case, and the experiment must 
be so arranged that this limit is not exceeded. 4 c.c. of 
normal sulphuric acid are then added to each flask, arJ 
immediately afterwards 10 cc of ^ths normal sodium thio¬ 
sulphate. A few drops of starch solution are then added to 
each flask, and the excess of thiosulphate is titrated back 
with iodine solution 

The amount of iodine solution which has been used up in 
the first flask gives the quantity of iodine absorbed by sodium 
carbonate, by light, and by starch, and the amount lost by the 
different values of the solutions of iodine and thiosulphate. 

The second flask gives, in addition to that lost in the first, 
the amount of iodine absorbed by the 5 milligrams of gallo- 
tannic acid. By subtracting the iodine value of the first flask 
from this, and dividing the residue by 5, we get the amount 
of iodine absorbed by I milligram of gallo-tannic acid. From 
these data, and the amount of iodine solution used up in the 
third flask, the amount of tannic acid in the extract can be 
calculated. It is only necessary to subtract from the number 
of c.c. of iodine solution found in the third flask, the number 
of c.c. found in the first, in order to obtain the number of 
c.c. of iodine solution which have combined with the hop- 
tannin; by dividing this difference by 5, the number of 
milligrams of tannin contained in 10 c.c. hop-extract is 
obtained. Then, if 

£ = the number of c.c. of iodine solution in the first flask, 
t = „ „ „ second flask, 

and 

h = „ ,, ,, third flask, 


the percentage of tannic acid in the sample will be obtained 
by the following equation :— 


S(/<-K) 
*</ - li) 


= percentage of tannic acid. 
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Example —10 grams of hops were boiled with water, after 
the addition of a few drops of hydrogen peroxide, and the 
extract made up to 500 c.c., and the determination proceeded 
with as described above. In the flask with 10 c.c. of water, 
o* 1 cc of iodine solution was used up; in the flask with 
10 cc of gallo-tannic acid solution, 11‘8 c.c. of iodine 
solution; and in that with 10 cc. of hop-extract, 10*6 cc of 
iodine solution. The percentage of tannic acid in the hops 
is then 

S x >°'5 
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CHAPTER XII 

THE ANALYSIS OF BEER. 

The analysis of a beer resolves itself into two parts: the 
chemical composition, and the microscopic appearance after 
forcing. Chemical analysis can also be applied with advantage 
to the beer after forcing; for the present, however, we will 
only deal with beer prior to forcing. 

The points it is desired to know are:— 

The original gravity (i. e., the gravity of wort previous to 
fermentation), the specific gravity, the percentages of malto- 
dextrins (and their type), of stable dextrin, and of low type 
fermentable maltodextrins (hitherto called free maltose), of 
fermentable sugars which have disappeared during the brewery 
fermentation, of ash, of albuminoids, and of acid, free and 
volatile. 

The Original Gravity .—The gravity of the original wort 
was due to the solid matter in it; part of this has been 
fermented away, and part of it remains in the beer. The 
alcohol produced during the fermentation will be a measure 
of the amount of solid extract fermented away, and if, by 
previous experiment, wc have determined the amount of solid 
extract corresponding to the alcohol formed, and if to this 
we add the extract actually remaining in the beer, we shall 
then know the total extract contained in the original wort, 
from which its gravity can be calculated. 

Such previous determinations of corresponding alcohol 
proportions and losses of extract are provided in the Excise 
tables, which have been prepared on the results of a large 
number of experiments. These tables give us what we want 
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t 

in terms of, on the one hand, degrees by which water is 
lightened by the alcohol in the beer; and, on the other, degrees 
conferred by the corresponding amount of malt-extract 

To obtain the requisite data we must first find the gravity 
of the beer as due to unfermented solid-matter in it This 
can be done by distilling off the alcohol from the beer, making 
up the residue to the original bulk, and determining the 
gravity. This gravity will be clearly only due to the unfer¬ 
mented extract in beers. 

If during the distillation we collect the spirit and make 
it up to the original bulk of the beer with water, and then 
determine the gravity, the difference between 1000 and that 
gravity will be proportionate to the alcohol produced,* and 
roughly so to the solid extract lost during fermentation. The 
tables are so arranged that we can refer the above difference 
between 1000 and the weight of the alcoholic solution to the 
corresponding degrees conferred by the solid which yielded it, 
previous to its removal by fermentation. 

The manipulation is as follows: the beer is well shaken 
to expel carbonic acid and ioo cc are measured at 6o° F. 
This quantity is then transferred to a distilling flask, and 
the measuring vessel well washed and the washings added 
to the beer*; the total volume should, however, not exceed 
150 cx. 

The beer is now distilled, the ioo cc measure being 
used as the receiving flask. When about three-fourths is 
over the distillation is stopped. The distillate is rapidly 
cooled to 6o°, made up with water at 6o° to ioo cc and its 
specific gravity determined at 6o° F. 

The residue in the distilling flask is also cooled to 6o°, 
made up with water at 60* to ioo cc (in the same measuring 
flask), and its specific gravity determined at 6o° F. 

Example :— 


Specific gravity of distillate. 990' 11 

M „ residue. 103ro$ 
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Now 1000 less 990* 1 =9'9 (spirit indication). 


9*9 by table. 43*70 

Specific gravity of residue. 1031*05 

Therefore, 

Original gravity. 1074*75 


The following is the Excise table which is used for the 
purpose. 


Spirit Indication, with corresponding Degress of Gravity lost in 
Malt Worts by the “ Distillation Process." 


Degrees 
of Spirit 
Indica¬ 
tion. 

n 

■ 

■ 

*3 

B 

*5 

•6 

B 

•8 

*9 

O 

.. 

*3 

•6 

*9 

1*2 

i *5 

i*8 

2*1 


2*7 

I 

3 *o 

3*3 

3*7 

4 *i 

4*4 

4 '« 

s*« 

S *5 


6*2 

2 

6*6 

7 *o 

7*4 

78 

8*2 

8*6 

90 

9*4 


10*2 

3 

10*7 

in 

n *5 

12*0 

12*4 

12*9 

13*3 

138 

14*2 

14*7 

4 

151 

* 5*5 

i6‘o 

16*4 

16*8 

* 7*3 

17*7 

I .*2 

18*6 

19*1 

5 

19*5 

19*9 

204 

20*9 

21*3 

21*8 

22*2 

22*7 

23* 1 

23*6 

6 

241 

24*6 

25*0 

25*5 

26*0 

264 

26*9 

27*4 

* 7'8 

283 

7 

28*8 

29*2 

29*7 

30*2 

30*7 

31*2 

3**7 

32*2 

3*'7 

33 * 

8 

33'7 

34'3 

34'8 

35*4 

35*9 

36*5 

37 *o 

37*5 

38*0 

386 

9 

39 * * 

39'7 

40*2 

40*7 

41*2 

4**7 

42*2 

42*7 

43*2 

43'7 

10 

44*2 

44'7 

45*1 

45*6 

46*0 

46*5 

47 *o 

47*5 

48*0 

4»'5 

11 

49 *o 

49.6 

50*1 

50*6 

51*2 

5 i *7 

52*2 

5**7 

53*3 

S 3 '* 

12 

54*3 

S 4'9 

55*4 

55*9 

56-4 

56*9 

57*4 

57*9 

584 

589 

*3 

59*4 

60*0 

60*5 

61*1 

61-6 

62*2 

62*7 

63*3 

633 

643 

*4 

648 

65 4 

65*9 

66'5 

671 

67*6 

68-2 

68*7 

693 

69'9 

15 

70* 5 

711 

71*7 

7**3 

7*'9 

73*5 

74*1 

74*7 

7 S '3 

75'9 

16 

765 











When a beer has become very acid with acetic acid, it is 
necessary to make an allowance in respect of it; firstly, 
because some of the alcohol formed has been lost by being 
converted into acetic acid, and secondly, because the acetic 
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acid will distil over with the alcohol, and raise the specific 
gravity of the distillate, and consequently reduce the apparent 
spirit indication and also the original gravity. 

In such cases a second distillation is performed with 
sufficient alkali added before distillation to neutralise the acid, 
and this will prevent the distillation of the acetic acid. To 
make a correction for the loss of alcohol by conversion into 
acid we determine the acetic acid as follows : 100 cc. of beer 
are taken and titrated with ammonia of 998*6 specific 
gravity, red litmus paper being used as an indicator. 
Each cc of ammonia used represents o*i of acetic acid. 
This will give us the total acid of the beer calculated as 
acetic acid. Wc then take 100 c.c. of beer, evaporate it to 
dryness on a water bath, rcdissolve the residue in water, and 
titrate as before. This gives us the fixed acid calculated as 
acetic acid. The difference between the two gives us the 
volatile acid, or real acetic acid. The above percentage of 
acid is then referred to a table for corresponding loss of spirit 
indication, and this spirit indication is then added to that 
obtained by distillation. 


Acetic 

Add. 

*00 

*OI 

*02 

03 

•04 

05 

•06 

07 

•08 

•09 

•O 


•02 

*04 

•06 

*07 

08 

09 

n 

•12 

*3 

*1 

*14 

#I 5 

•17 

*18 

19 

*21 

•22 

*23 

•24 

•26 

•a 

*27 

•28 

*29 

* 3 * 

32 

*33 

‘34 

*35 

*37 

•38 

*3 

39 

•40 

•42 

‘43 

*44 

•46 

‘47 

•48 

‘49 

* 5 * 

4 

• 5 * 

•S 3 

*55 

‘56 

‘57 

‘59 

•60 

•61 

•62 

•64 

•5 

•65 

•66 

*67 

69 

•70 

* 7 * 

‘72 

‘73 

‘75 

•76 

6 

*77 

00 

*8o 

•81 

*82 

•84 

•«5 

•86 

•87 

•89 

*7 

•90 

•91 

*93 

*94 

‘95 

‘97 

•98 

*99 

1*00 

1*02 

*8 

1 03 

104 

1*05 

1*07 

I 08 

109 

1*10 

i*ii 

i ‘*3 

1*14 

*9 

115 

l*l6 

l*l8 

1 * >9 

1*21 

1*22 

123 

125 

1*26 

1*28 

10 

129 

I 31 

i *33 

i *35 

1*36 

i *37 

1*38 

1*40 

1*41 

1*42 
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Example :— 

ioo c.c. of beer required for neutralisation, 15 c.c. of standard ammonia solution 

„ „ after boiling.10 c.c. ,, „ », 

Total acid as acetic acid.0*15 

Fixed acid. ..0*10 

Acetic acid.0*05 

0*05 by table = 0*08; O’08 would then be added to the spirit 
indication as determined by distillation and the total referred 
to the first table. 

Specific Gravity of Beer. —This is determined on the beer 
after expulsion of gas, by agitation at 6o° F. 

Determination of Maltodextrin; Dextrin; Fermented 

Sugars; and Fermentable low-type Maltodextrins (apparent 
free Maltose) unfermented. For this we require the following 
estimations: 

Total Reducing Power. —Take 5 c.c. (2 to 3 c.c. for very' 
strong beers, and 10 c.c. for very weak beers) and determine 
reducing power on Fehling’s solution in the usual way 
(see p. 463). 

Opticity. —50 c.c. of the beer are taken, a little alumina 
added, the whole diluted to 100 c.c., filtered, and the opticity 
determined in the usual way in a 1-decimetre tube. 

Degradation by Malt-Extract .—50 c.c. of beer are evapo¬ 
rated to about half its bulk, and transferred to a 100 c.c. 
measure; 5 c.c. of cold-water malt-extract (normal strength) 
added, and the whole digested at 125 0 F. for one hour. It is 
then cooled, diluted to 100 c.c., and the reducing power deter¬ 
mined in 10 c.c. 

The reducing power of the cold-water malt-extract is 
estimated in 1 c.c., and the figure thus obtained is applied as 
a correction. 

Fermentation. —50 c.c. of the beer are evaporated to about 
25 c.c., diluted to about 100 c.c. with cold water, and about 
0*25 gram yeast added. Ferment for 72 hours at 8o°; then 
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add some alumina, dilute to 200 c.c., filter, and estimate the 
reducing power in 25 c.c. of filtrate. 

To correct the above for the non-degradable, unferment- 
able reducing substances present in the beer, we ferment a 
duplicate of the above in precisely the same manner, the only 
difference being the addition, prior to fermentation, of 0*25 
cc of cold-water malt-extract The reducing action is, as 
before, taken in 25 cc, after dilution to 200 c.c., and filtration. 

The ash is determined in 100 cc. of the beer in the usual 
way. 

The albuminoids are determined in 10 cc. of the beer 
evaporated to dryness; the residue is treated as in ordinary 
Kjeldahl operations. 

The fixed and volatile acids have been already treated of. 

Example :— 


Original gravity (as stated p. 503) .1074*75 

Specific gravity.1021*38 


Reducing Paver. —2 cc taken, CuO obtained, 0*083 gram. 
The above is calculated into total maltose on ioocc of beer— 

0*083 X 0*743 x 50 = 3*08 maltose grams. 

Opticity. —50 cc of the beer diluted to 100 cc.; reading 
in 1-decimetre tube, 12*4 divs. To get the dextrin, we must 
double the reading to correct for previous dilution. 

12*4x2 = 24*8. 

Reading doe to maltose will be 3*08 x 3*905 = 12*01 divs. 

„ dextrin „ 24*8—12*01 = 12*79 „ 

12*79 

Per cent of dextrin in beer*—~= 2*27. 

* 5 * 6*5 

Degradation. —50 cc of beer taken, and 5 cc of cold 
extract used ; the whole after degradation diluted to 100 c.c., 
CuO from 10 cc = 0*2985 gram. The CuO per 1 c.c. of 
cold-water extract was found to be 0’08 gram. 


• For explanation of these (actors, see * Malt Analysis,’ p. 475. 
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Before correcting, we will calculate the total maltose after 
degradation in ioo c.c of the degraded mixture, thus 

0*2985 X 0*743 ^ = 2*216 grams maltose. 

We correct this for the CuO given by the malt-extract as 
follows:— 

0*08 X 5 X 0*743 = 0*297 gram maltose. 

Then 2*216 less 0*297 = 1 *919 = maltose after degradation 
in 100 c.c. of the degraded mixture; or, 

in 100 c.c. beer, 1 *919 X — = 3*838 grams maltose. 

5° 

The above figure represents total maltose, plus the maltose 
formed by degradation of the combined (or amyloYn) dextrin. 

Combined or amyloln dextrin is therefore, 3*838 less total 
maltose, 3*08, after deducting the increase in molecular 
weight due to conversion into maltose, thus 

3*838- 3*08 = 0*758. 

And 0*758 x 0*95 = 0*72 gram combined dextrin in 100 c.c. of beer. 

Fermentation .— (a) Without malt-extract: 50 c.c. taken; 
after fermentation and dilution to 200 ex., 25 c.c taken for 
reducing action gave 0*174 gram CuO. 

(If) With malt-extract: the same quantities gave 0*12 
gram CuO. 

CuO due to combined maltose o* 174 — o* 12 = 0*054. 

0*054 * 0*743 X X = 0*64 gram combined maltose (amyloin 

maltose) in 100 c.c. of beer. 

We can now calculate the apparent free maltose, i. e., the 
low-type maltodextrins unfermented during brewery fermen¬ 
tation, but fermented during the laboratory fermentation. To 
do this we subtract from the total maltose, the maltose unfer- 
snented during fermentation without malt-extract; the latter 


figure will be o* 174 X 0*743 x — X —=2*07 ; then 

Total maltose.3*08 grams 

Maltose after fermentation.2*07 ,, 

Fermentable multodcxtrin, calculated as maltose .. 1*01 „ 
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The free dextrin will be the difference between the total 
dextrin and combined dextrin, i.e., 2*27 less o*72 = 1*55. 

The whole of the previous results, which now exist as 
grams in joo c.c. of beer, must now be calculated as parts ^per 
100 parts of original solid-matter. The original gravity having 
been found to be 1074*75, the solid matter per 100 c.c. is 


74*75 


= 19' 3 <>. 


On 100 parts wort-solids. 

Fermentable maltodcxtrins calculated as\ 100 __ 

maltose (so called free maltose) / 1 01 X ~ 5 . 

Malto- ( Combincd m ‘ J '°* e . 0 64 * = 3 30 

dextrin | „ dextrin.0 7a X -i??. = 3*7* 

' 19*36 

Free dextrin.**55 X ■ 10 ? - = 8*oi 

*9*36 


To get the matters fermented during fermentation, we 
take the spirit indication, which in this case was 9*9 (see 
p. 502), and refer, as before, to the Excise table; 43*7 is the 
corresponding figure, and represents the degrees lost during 
fermentation owing to loss of fermented extract If we 
divide this by 3*86, we get solid extract lost, in grams per 
100 c.c. of wort. 

u-pgra* 

To calculate on wort-solids we must, as before, multiply by 
100 
19-36 

"•3* = 58-47 percent.* 

The ash and albuminoids and fixed acid in this beer, cal¬ 
culated on 100 parts of the wort-solids, were respectively, 

Ash .1 *34 per cent. 

Albuminoids .3 36 „ 

Add as lactic-add .0 52 „ 


• There is a slight error here, due to loss of mineral matter and nitrogenous 
matter during fermentation. Such losses cannot be ascertained, but they are so 
inconsiderable as to be negligible. 
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The following will therefore represent the analysis calcu¬ 
lated on ioo parts of original wort-solids. 


On ioo ports 
original wort-solids. 


Maltose and other fermentable sugars fermented 

during brewing fermentation .58*47 

Low type maltodextrins unfermented during 
brewery fermentation, but fermentable with 
active yeast (so called free maltose). 5*22 


Maltose in maltodextrins 
Dextrin in maltodextrins 


3*30 

3 * 7 * 


Total 

mallodcxtrin 

7*02 


Free dextrin .. .. 8*01 

Mineral matter. 1*34 

Nitrogenous matter as albuminoids. 3*36 

Acid as lactic add. 0*52 

Undetermined matter (hop-extract, glycerine, un- 
fermentable portions of malt adjuncts, and malt 
worts, Ac., Ac.) by difference .16*06 


100*00 


Original gravity.* 074*75 

Specific gravity .. 1021*38 

Free add in 100 c.c. of beer (acetic acid).. .. 0*05 

Fixed add as lactic add . 0*15 


The Forcing of Beer. 

It is very essential that all beers should be submitted to 
the operation known as “forcing” The mode of examination 
was devised and introduced by Horace T. Brown, in 1875, 
as a result of some years' previous work on the application of 
the microscope to the examination of beers. Briefly stated, 
“forcing” consists in placing a sample of the beer under con¬ 
ditions which cause it to mature with much greater rapidity 
than in cask. The conditions embrace an elevated temperature, 
and an exclusion of air from the liquid. 

The apparatus required for carrying out the process is 
very simple. First, and most important, is the “forcing tray.” 
This consists of an oblong, flat copper vessel or tank, con¬ 
taining water. This may vary much in size, depending, of 
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course, upon the space in which it is desired to place it; but 
it should be at least twice as long as it is broad, and from 
2 to 3 inches deep. In one corner of the tray there should 
be a tubular opening, with a short projecting piece of copper 
tube, in order to allow of the tray being filled with water. 
Inside the tray it is usual to fix a plate of thin copper midway 
between the top and bottom, and extending to within a few 
inches of the sides. The object of this is to promote the 
circulation of the water in the tray, and thus prevent any one 
portion of the upper surface becoming warmer than the rest, 
as would be the case if the water heated by the burner were 
allowed to impinge directly upon the upper surface of the 
tank. The forcing tray may be supported either on brackets 
fixed to the wall, or on a suitable iron-stand, and having been 
filled with water, preferably distilled, it is maintained at a 
constant temperature of about 85° F. The heat is supplied 
by means of a gas burner consisting of a row of small jets. 
This may be very conveniently made by taking a T-shaped 
piece of thrcc-cighths brass tubing, and piercing a scries of 
small holes, at equal distances, on the upper side of the T, 
which should be from 9 to 12 inches long, according to the 
size of the tray. The burner is fixed from 3 to 6 inches from 
the bottom of the tray, and attached to a Page’s or other 
regulator, which is in turn connected with the gas supply. 
The regulator is introduced for the purpose of maintaining a 
constant temperature on the tray, independently of any varia¬ 
tion in the temperature of the tray itself. 

The samples of beer arc placed upon the tray in specially 
designed flasks. The original form of flask has a capacity of 
from 80 to 100 c.c, and is provided with a short tubulure or 
side-tube, projecting from the neck; when in use, a small 
piece of quill tubing with an elbow bend is connected to this 
by means of indiarubber tubing, and the mouth of the flask 
is closed with an indiarubber bung. More recent forms of 
the flasks have been made with the side-tube and elbow-tube 
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all in one piece, and with ground glass stoppers. We prefer, 
however, the old form, as the flasks with bent-over side-tubes 
are very apt to break in cleaning, and they do not allow of 
such ready cleaning as the simple straight side tube, whilst 
the flasks with glass stoppers require the most careful selec¬ 
tion in order to prevent leakage of air, which is fatal to the 
method. 

The forcing flasks, and the bottles in which the samples 
are to be collected, require to be most carefully cleaned and 
sterilised before being used. When the former .have been 
previously used, it is sometimes necessary to use a little acid 
to remove the sediment; but in all cases, both flasks and 
bottles require to be cleaned with a little caustic soda, then 
thoroughly rinsed with clean water, and Anally boiled with 
fresh distilled water. The latter operation is best effected by 
Ailing the flasks to the neck with the distilled water, and then 
placing them up to the neck in water in a shallow vessel with 
a false bottom, and boiling the water in this vessel for at least 
half an hour. After cooling, the flasks and bottles are emptied 
and at once placed in an inverted position in a draining rack, 
and used immediately. The indiarubber bungs and side 
tubes should also be boiled in water immediately before use. 

The bottles used for taking samples should be cleaned as 
above, and should be carefully rinsed with the beer before 
Ailing. The point at which the samples should be taken varies 
somewhat with the different methods pursued in breweries. 
Where a sample cask of each brew is drawn from the. racking 
vessel and stored for future reference, it is convenient that the 
sample should be taken from this cask ; where this is not 
the case, the sample should be taken from the racking vessel 
immediately before the beer is racked into trade casks. 

The sample should be transferred to the forcing flask and 
placed on the tray within twenty-four hours of being taken. 
Any sediment which may have settled in the bottle should be 
distributed through the liquid, and the flask should be rinsed 
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out three times with successive small portions of the beer 
under examination. Having filled the flask to within a quarter 
of an inch of the side-tube, the mouth of the flask is carefully 
and tightly closed with a clean indiarubber bung, and the 
side-tube is connected to the elbow-tube by a piece of tight- 
fitting indiarubber tubing, both ends of which are bound with 
thin copper wire to the respective glass tubes. The flasks arc 
then labelled and placed on the tray, the open ends of the 
elbow-tubes being placed in small beakers containing mercury; 
the tubes should dip at least half-an-inch into the mercury in 
the beaker, and six of the flasks may be arranged round each 
beaker. The mercury in the beakers allows the carbonic 
acid evolved to escape, and prevents any entrance of air. 

The sample is kept on the tray according to the class of 
beer ; we recommend four weeks for an export ale, three 
weeks for a stock ale, and seven to ten days for a running ale. 

While on the tray, it is observed from time to time, to sec 
whether it is brightening, whether it is conditioning, and so 
fortli. 

At the expiration of the forcing period, it is taken off, the 
supernatant beer being carefully poured into a beaker for 
further investigation, and the sediment into a small glass for 
microscopic examination. 

The advantages to be derived from the use of the forcing 
tray may be stated to consist in the determination of the 
following: 

(1) The rate of conditioning; 

(2) The power of clarification ; 

(3) The amount and nature of bacteria latent in the beer; 

(4) The condition of the primary yeast; and 

(5) The amount and nature of the secondary yeast 

The results of the microscopic examination are the most 
important, but there arc other tests which should not be 
ignored; these we will take first; they are performed on 
the main bulk of beer in the beaker. 
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Flavour —The beer is tasted, and due regard paid to 
any deterioration in respect of (a) thinness, (b) rank bitterness, 
(c) flatness, ( d) acidity, ( e) putridness. 

The acidity may be estimated with advantage in certain 
cases, and the increase during forcing determined. 

Specific Gravity .—If the specific gravity be taken after 
forcing, and compared with that of the beer before that 
process, we get some idea of the conditioning of the beer; 
some idea whether the conditioning is normal, or whether 
during storage the beer will be flat on the one hand^ or be 
inclined to fret on the other. The loss of sugar, correspond¬ 
ing to the decrease in gravity, can also be calculated. 

Thus in the beer, the analysis of which is given above, the 
specific gravity was 1021 • 38. Suppose after forcing, the specific 
gravity had decreased to 1011 • 38. The loss in gravity would 
be io°, due partly to the formation of alcohol, partly to the 
degradation of maltodextrins into maltose, and the subsequent 
loss of that maltose by fermentation. We can roughly get at 
the loss of gravity due to maltose, by multiplying the gross 
loss by 0*8. 

10 x o*8 = 8 degrees. 

To get the corresponding loss of solid maltose in grams per 
100 c.c. of beer we divide by 3*86. To refer this figure to a 
percentage on the wort-solids we divide by the solids in the 
original wort (in this case 19.36) and multiply by 10a Loss 
of maltose during forcing, therefore 

8 100 

X -2 = 10*7 percent. 

3*86 19 36 ' v 

This is a purely hypothetical case, and in the great majority 
of instances the loss of maltose would be far less. 

We also lay stress upon the manner in which the beer 
brightens, and whether the sediment is compact and solid, or 
loose and light The former kind of sediment is always 
preferable. 
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When the beer remains turbid, we recommend the treat¬ 
ment of it, after forcing, with potash solution : if the turbidity 
is due to amorphous particles of hop-resins or albuminoids, it 
will go bright on addition of potash ; if to suspended yeast or 
bacteria, the potash will not brighten it 

In the microscopical examination, we have to lay due 
stress upon the state of the yeast and the number and form 
of bacteria. As regards the first, whether it is actively 
growing; in the case of the latter, whether or no they are 
predominant, and which species predominate. To properly 
interpret the microscopic appearance of forced beer sediments 
is more than can be taught by book work; for the inter¬ 
pretation to be just and reliable, actual experience is neces¬ 
sary ; but through the kindness of Messrs. Matthews and Lott 
we are able to reproduce from their valuable work, ‘The 
Microscope in the Brewing Room/ a plate (Plate X.) of beer 
sediments, which we will endeavour to very briefly interpret 
For this very important branch of the subject, the reader is 
referred to Messrs. Matthews and Lott’s work, which deals 
very exhaustively with it. 


EXPLANATION OF PLATE X. 

FlO. 1.—This sediment would indicate a most satisfactory state of conditions, 
and a much more satisfactory one than is usually found. 

F10. 2.—Here we seem to be dealing with various sorts of wild-yeasts ; bac¬ 
teria are also present, but not to any marked extent. Such a sediment as this 
would be found in a summer brewing, and might suggest a tendency to fret tineas. 

Fig. 3.—Hie most noticeable feature here is a marked growth of S. cmga* 
Uhu. There are also more bacteria than should be found in a good sediment. 
The predominance of tongutaius would probably lead to a thin-tasting beer of 
inferior stability. 

FlO. 4.—The predominant organism here is B aril Ins amyloba<Ur % and such 
a growth should direct attention to the plant Dirty plant is generally the cause 
of a deposit of this kind. The beer may possibly not go arid, but it will acquire 
a sickly flavour, and show 44 smokiness,” or 44 silkiness,” rather than turbidity. 

2 L 
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Fig. 5.—There If a considerable growth of bacteria here; a sediment of 
this kind would indicate instability. We notice many Sarrinse, which under some 
conditions of nutriment would produce ropiness, under others lactic add. 

Fig. 6.—This is a typically bad deposit, and there is but little chance for the 
stability of a beer which gives such a sediment as this on forcing. 

Very occasionally during forcing the mercury will be 
sucked back into the forcing flask ; when this is so, it arises 
from defective conditioning, and is generally found in beers 
that have attenuated too low. It is always an unsatisfactory 
sign. Similarly, beers which have attenuated too low may 
sometimes develop film formations on their surface. This, too, 
is a bad sign. 



( 5*5 ) 


APPENDIX. 


STANDARD SOLUTIONS AND REAGENTS. 

i. Distilled Water Free from Ammonia. 

If, when i cx. of Nessler’s solution is added to 50 cc of distilled 
water in a glass jar, placed on a white surface, no trace of a yellow 
colour is developed in four or five minutes, the water is sufficiently 
pure for use. As, however, this is rarely the case, the water must 
be purified. For this purpose, distil from a large retort, ordinary 
distilled water, previously rendered distinctly alkaline with sodium 
carbonate. Discard the first 50 cc. Test the remainder from time 
to time with Nessler’s solution as above described, and when free 
from ammonia collect for use in a clean stoppered bottle. 

2. Nkssler’s Solution. 

Dissolve 17 grains of mercuric chloride in about 300 cc. of 
distilled water. Dissolve 3$ grams of potassium iodide in too cc. 
of water. Add the former solution to the latter with constant 
stirring, until a slight permanent red precipitate is produced. Next 
dissolve 120 grams of potassium hydrate in about 200 cx. of water, 
allow the solution to cool, add it to the above solution, and make 
up with water to 1 litre Then add mercuric chloride solution until 
a permanent precipitate again forms; allow to stand till settled, and 
decant off the clear solution for use 

3, Sodium Carbonate. 

For determination of free and saline ammonia, dissolve 100 
grams of recently ignited sodium carbonate in water, and make up 
to 1 litre. 


2 L 2 
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4. Alkaline Potassium Permanganate Solution. 

Dissolve 100 grams of potassium hydrate and 8 grams of pure 
potassium permanganate in 1100 cc. of water, and boil the solution 
rapidly until concentrated to about 1000 c.c. Cool, and preserve 
in a well-stoppered bottle. 

5. Standard Solution of Ammonium Chloride. 

Dissolve 3*1$ grams of pure dry ammonium chloride in water, 
and dilute to 1 litre. This forms a stock solution. For use, dilute 
the above with water (free from ammonia) to 100 times its bulk; say, 
10 cc to 1 litre. 1 cc of the latter solution contains 0*00001 gram 
of ammonia. 

6. Standard Solution of Silver Nitrate. 

Dissolve 4*79 grams of pure recrystallised silver nitrate in water, 
and dilute to 1 litre. 


7. Potassium Chromate. 

A saturated solution of the pure salt is employed. 

8. Standard Solution of Potassium Permanganate. 
Dissolve 0*395 of pure potassium permanganate in water, 
and dilute the solution to 1 litre 1 cc. = 0*001 gram available 
oxygen. 


9. Potassium Iodide Solution. 

Ten grams of the pure salt are dissolved in 100 cc of distilled 
water. 


10. Dilute Sulphuric Acid (for Determination 
of Oxygen Absorption). 

One part by volume of pure, strong sulphuric acid is mixed with 
twenty parts by volume of distilled water. 

11. Sodium Hyposulphite Solution. 

One gram of crystallised sodium hyposulphite (thiosulphate) is 
dissolved in 1 litre of water. 
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12. Zinc Foil. 

This should be cut into small pieces and preserved in a well- 
stoppered bottle. 


13. Copper Sulphate Solution. 

Dissolve 30 grams of pure crystallised copper sulphate in 1 litre 
of water. 

14. Solutions Required for Determination or Hardness. 

(a) Standard Solution of Calcium Chloride .—Dissolve 0*2 gram 
of pure calcium carbonate in hydrochloric acid. Evaporate the 
solution to dryness in a platinum dish on the water-bath, add a 
little distilled water, and again evaporate to dryness. Repeat the 
evaporation several times, in order to cxi>el the excess of hydro¬ 
chloric acid. Finally, dissolve the residue in water, and dilute to 
1 litre. 

(b) Standard Soap Solution .—Grind together in a mortar, 150 parts 
of “ lead plaster ” and 40 parts of potassium carbonate. Then add 
a little methylated spirit, and continue triturating until a creamy 
mixture is obtained. Allow to stand for a few hours, transfer to 
a filter, and wash several times with methylated spirit. The strong 
solution of soap thus obtained must be diluted with a mixture of one 
volume of distilled water and two volumes of methylated spirit (con¬ 
sidering the soap solution as spirit) until exactly 14*25 c.c. are 
required to form a permanent lather with 50 c.c. of the calcium 
chloride solution (<f), the experiment being carried out in the same 
way as in determining the hardness of a water. 

15. Fehlino’s Solution. 

(a) Solution of Copper Sulphate .—34*64 grams of pure recrys¬ 
tallised copper sulphate are dissolved in water; about 0*5 c.c. of 
strong sulphuric acid is added, and the solution is diluted to 500 cc. 

(b) Alkaline Solution of Rochelle Silt. —175 grams of powdered 
Rochelle salt, and 90 grams of pure potassium hydrate are dissolved 
in water, and the solution is made up to 500 c.c 

A mixture of equal volumes of these solutions (a and b ), con¬ 
stitutes Fehlings solution. The solution should preferably be 
stocked separately, and mixed as required 
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16 . — Sulphuric Acid. 

20 

i a 75 cc. of pure concentrated sulphuric acid are diluted with 
water to i litre. The exact strength of this solution is then deter¬ 
mined as follows: o*i to 0*2 gram of pure, recently ignited, 
sodium carbonate (accurately weighed) is dissolved in water, one 
or two drops of a solution of methyl orange are added, and the 
diluted acid prepared as above is allowed to flow in from a burette, 
until the yellow colour of the methyl orange is just changed to pink. 
The number of cubic centimetres required to do this must be 

N 

carefully noted. A strictly accurate — acid should exactly neutralise 

20 

sodium carbonate in the proportion of 100 c.c. to 0*265 gram. Sup¬ 
pose that o* 1 gram sodium carbonate required 31 cc of the dilute 
acid, then 

0*1 10*265 1141 :x 

X = 82*1 C.C. 

The above proportion shows that 0*265 gram of sodium car¬ 
bonate would require 82 * 1 c.c. of dilute acid for neutralisation, 

N 

instead of 100 cx. as in the case of — acid. All that remains to 

20 

N 

be done, therefore, in order to reduce the acid to the — strength, is 

20 

to dilute every 82*1 cx. of it with water, to 100 c.c. Or, 821 cx. 
may be diluted to 1000 cx. The latter operation is performed in 
a graduated glass cylinder. 

1 c.c. of — H,S 0 4 = 0*0007 gram of nitrogen. 

20 

I c.c. „ ,, = 0*00085 •» ammonia. 


17. — Ammonia. 

20 

Strong ammonia is diluted with water, until it is found by 
experiment that 50 c.c. of the diluted solution are exactly neu- 

N 

tralised by 50 c.c of the — sulphuric acid prepared as above. 3 or 

4 cc of strong ammonia made up to 1000 cc. will be about the 
right degree of dilution to commence with. 
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18. Ammonia Employed for the Estimation op 
Acidity in Malt, Beer, etc. 

Strong ammonia is diluted with water, until it has a specific 
gravity of 998*6 at 60* F. 

I c-c. of thb ammonia = o*oi gram acetic add. 

»» »» •• «o oi5 „ lactic add. 

19. Soda Solution (used in the Kjeldahl Process). 

Sodium hydrate (stick soda) is dissolved in water, until the 
solution (when cold) has a specific gravity of 1300. 

ao. Sulphuric Acid (used in the Kjeldahl Process). 

Mix equal volumes of pure, concentrated, sulphuric add and 
fuming, or Nordhausm, sulphuric add. Preserve the mixture in a 
well-stoppered bottle. 


ai. Methyl Orange. 

Dissolve 1 gram of methyl orange in 100 c.c. of alcohoL 

aa. Potassium Permanganate (por Kjeldahl Process). 

The crystallised salt is coarsely powdered. 

9 $. Thymol. 

Prepare a saturated solution of thymol in alcohoL 
a4* Alumina Cream. 

Moist alumina is thoroughly ground with water, and then further 
diluted until it is of the consistency of a thin cream. 

a$. Ammonium Molybdate Solution. 

10 grams of powdered ammonium molybdate are dissolved in 
40 c.c. of dilute ammonia (one volume of strong ammonia to two 
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volumes of water). The solution is poured into a mixture of 120 ex. 
of strong nitric acid and 40 c.c. of water. The whole is heated to 
about ioo° F. for some hours, and the clear liquid drawn off 

26. Magnesia Mixture. 

Made by dissolving 11 grams of crystallised magnesium chloride, 
and 14 grams of ammonium chloride in 130 c.c. of water, and 
diluting the mixture to 200 c.c. with a strong solution of ammonia. 
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